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Research Profile

Goddard has been a pioneer in developing methods for quantum mechanics (QM), force fields (FF), reactive
dynamics (ReaxFF RD), electron dynamics (eFF), molecular dynamics (MD), and Monte Carlo (MC)
predictions on chemical, catalytic, and biochemical materials systems and is actively involved in applying
these methods to ceramics, semiconductors, superconductors, thermoelectrics, metal alloys, polymers,
proteins, nuclei acids, Pharma ligands, nanotechnology, and energetic materials. A particular focus has been
to determine the detailed reaction mechanisms underlying heterogeneous and homogeneous catalysts,
including electrocatalysis. The goal of the Goddard research has been to develop the methods sufficiently
accurate that the need for experimental validation can be severely restricted to the predicted best systems
and sufficiently efficient that they can be applied to realistic systems with millions of atoms (now referred
to as Materials Genomics). This required improving the QM (particularly for van der Waals binding and
band gaps) while improving the methods for matching the FF to QM for describing large scale reactive
systems. He uses hierarchical approaches (multiscale, multiparadigm) to couple between the electronic
states of QM with dynamics of macroscale systems, enabling first-principles based accuracy of realistic
systems (millions of atoms, millisecond time scales).

Previous Professional Positions (all at Caltech):

2001-present  Charles and Mary Ferkel Professor of Chemistry, Materials Science, Appl. Phys.
1990-present  Director of Materials and Process Simulation Center (MSC)

1992-1997 Director of NSF Grand Challenge Applications Group at Caltech

1984-2001 Charles and Mary Ferkel Professor of Chemistry and Applied Physics
1984-1990 Director of NSF Materials Research Group at Caltech

1978-1984 Professor of Chemistry and Applied Physics

1967-1978 Assistant, Associate, and Full Professor of Theoretical Chemistry

Nov. 1964-Dec. 1966  Alfred A. Noyes Research Fellow of Chemistry

Education:
Ph.D. Engineering Science (minor physics), California Institute of Technology, 1965 (Oct. 1964)
BS Engineering (Highest Honors), University of California, Los Angeles, 1960.

Selected Awards and Honors (since 1984)

Elected Member of National Academy of Science (1984)

Elected Member of International Academy of Quantum Molecular Science (1986)
Elected Fellow of American Physical Society (1988)

Winner American Chemical Society Award for Computers in Chemistry (1988)

Elected Fellow of American Association for the Advancement of Science (1990)
Awarded Feynman Prize for Nanotechnology Theory (1999)

Awarded Richard Chase Tolman Prize from the Southern California Section ACS (2000)
Named ISI Highly Cited Chemist for 1981-2001 (http://isihighlycited.com)

Awarded Honoris Causa Philosophia Doctorem, Chemistry, Uppsala U., Sweden, January 2004
Awarded American Chemical Society Award for Theoretical Chemistry (2007)

Elected Fellow of the Royal Society Chemistry (2008)

Awarded NASA Space Sciences Award for Space Shuttle Sensor (2009)

Elected Fellow of American Academy of Arts and Sciences (2010)



Awarded NASA Space Sciences Award for polymer films (2012)

World Class University Professor in the Energy, Environment, Water, Sustainability (EEWS) Graduate
School; Korea Advanced Institute of Science and Technology (KAIST), Daejeon, Korea (2009-2013)
Award Distinguished Scientific Achievement Catalysis 7th World Congress Oxidation Catalysis (2013)
IISc-DST Centenary Chair Professor at the Indian Institute of Science, Bangalore India, 2015

Named ISI Highly Cited Chemist for 2014 (http://isihighlycited.com)

Named ISI Highly Cited Chemist for 2015 (http://isihighlycited.com)

Named ISI Highly Cited Chemist for 2016 (http://isihighlycited.com)
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Defect-enriched iron fluoride-oxide nanoporous thin films bifunctional catalyst for water
splitting; Xiujun Fan, Yuanyue Liu, Shuai Chen, Jianjian Shi, Juanjuan Wang, Ailing Fan,
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Proceedings of the National Academy of Sciences, 2018
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Ultrafine jagged platinum nanowires enable ultrahigh mass activity for the oxygen
reduction reaction; Zhao, Cheng, Fortunelli,and Chen, Chih-Yen and Yu, Rong and Zhang,
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