Liangbo Liang Curriculum Vitae fealy5

Liangbo Liang
Research & Development Staff
Center for Nanophase Materials Sciences (GNM
Oak Ridge National Laboratory (ORNL)
(865) 576-5134; liangll@orohg

Education
Rensselaer Polytechnic Institute (RPI), U.S.A. Physics Ph.D., 2014
Wuhan University, China Physics B.S., 2008

Research Areas

Theoretical Condensed Matter Physics, Computational Physics; First-principles Density Functional Theory;

Many-body GW Method; Quantum Materials; Nanomaterials

1. Theoretical research on diverse properties of gquamnnaterials and nanomaterials, including theictetaic,
magnetic, optical, vibrational, thermal, thermo#éliec piezoelectric, photovoltaic properties, etc.

2. Developing and applying computational packagesdiaantum modeling of various experimental technigues
such as scanning tunneling microscopy/spectrosd®aman spectroscopy, photoluminescence spectrosetipy

3. Close collaborations with experimentalists acré&sworld to explain and guide experimental measargson
diverse systems ranging from molecules to nanoliadgdn strongly correlated materials.

Resear ch Projects

CNMS Theme Science: “Heterogeneities in Quantum Materials”.

Wigner Fellowship Project: “Integration of Accurate Theoretical/Computatiogbproaches with Experimental
Techniques for the Understanding of Two-Dimensidrealered Nanomaterials”.

Professional Experience

Research Staff, Center for Nanophase Material:Ses& ORNL 2018-Present
Eugene Wigner Fellow/Research Staff Associate, €@dnot Nanophase Materials Sciences, ORNL 2015-2018
Postdoctoral Research Associate, Department ofi@h)RPI (Supervisor: Dr. Vincent Meunier) 2014-201
Graduate Research Assistant, Department of PhyRRis(Advisor: Dr. Vincent Meunier) 2010-2014
Professional and Synergistic Activities

Invited Talk at the Fifth Wuhan University Interitatal Forum (China) 2018
Invited Talk at the 26th International ConferenceRaman Spectroscopy (South Korea) 2018
Invited Talk at Graphene Week 2017 (Greece) 2017
Invited Talk at 2017 CNMS-SNS User Meeting Workshop 2017
Program Coordinator for International Phosphoreyra®sium 2015
Invited Talk at the Physics Colloquium at RensseRaytechnic Institute 2013

Referee to journals: ACS Nano, Nanoscale, Carboiensfic Reports, Small, ACS Applied Materials &térfaces,
Nanotechnology, 2D Materials, Journal of Applied/$ibs, Journal of Raman Spectroscopy, etc.

Reviewer for proposals: DOE, ORNL LDRD.

Honorsand Awards

CNMS Division Award: Distinguished Scientific Paper 2017
CNMS Division Award: Outstanding Scientific or Tedbal Contribution 2017
CNMS Division Award: Most Notable CNMS User Project 2016
Eugene Wigner Fellowship of Oak Ridge National Lraibory 2015
Outstanding Reviewer - Journal Carbon 2015
Hillard Huntington Award for Outstanding Graduatei@&nt (for top one of the Department at RPI) 2014
Outstanding Undergraduate Student of Wuhan Uniwersi 2008
First Prize of the National Scholarship (for topeaf the class at Wuhan University) 2007
Samsung Scholarship (for top one of the DepartmeWuhan University) 2006

Teaching and M entoring Experience

Mentoring/Co-advising Students, Oak Ridge Natidradloratory 2015-Present
(e.g., Natalya Sheremetyeva and Andrew Cupo, RensselalgteBlonic Institute; Jingjie Zhang, University of
Virginia; Weijun Luo, Boston University

Mentoring Students and Postdoctoral Researcheparireent of Physics, RPI 2013-2015
(e.g.,Pan Zhu and Daniel Massote, Rensselaer Polytedhstiute
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Graduate Teaching Assistant, Department of PhyRiE$, 2010-2012
(For courses “General Physics”, “Statistical Mechasl’, and “Computational Physics”. | was responsitfier
teaching parts of the courses, leading discussiessisns, holding office hours, developing and grgdi

assignments, eic.

Academic and Community Service

Oral Presentation at the School of Science Gradsyatgosium at RPI 2013
(disseminating research at the Physics DepartmeRRbcommunity and company representajives
Poster Presentation at the Accepted Student OpereHat RPI 2013

(representing the Physics Department to introduagosaience to prospective studgnts

Publications
(64 publicationsin total with 3,000+ citations, h-index=27 from Google Scholar/22 from Web of Science)

1. A. Puretzky, A. Oyedele, K. Xiao, B. Sumpter, D. dMaus, D. Geohegat,. Liang*, “Anomalous interlayer
vibrations in strongly coupled layered Pd$S@D Materials, 5, 035016 (2018).Cbrresponding author]

2. G. Nguyen,L. Liang*, Q. Zou, M. Fu, A. Oyedele, B. Sumpter, Z. Liu, Gai, K. Xiao, A. Li*, “3D imaging
and manipulation of subsurface selenium vacancieBdS¢g’, Physical Review Letters, 121, 086101 (2018).
[* Co-corresponding author]

3. Y. Song, D. Johnson, R. Peng, D. Hensley, P. Ba@meés Liang, J. Huang, F. Yang, F. Zhang, R. Qiao, A.
Baddorf, T. Tschaplinski, N. Engle, M. Hatzell, \®u, D. Cullen, H. Meyer, B. G. Sumpter, A. RondiepfA
physical catalyst for the electrolysis of nitrogerammonia”, Science Advances, 4, e1700336 (2018).

4. L. WebsterL. Liang, J. Yan, “Distinct spin-lattice and spin-phonoteiractions in monolayer magnetic €rl
Physical Chemistry Chemical Physics, 20, 23546 §201

5. L. Liang, B. Sumpter, V. Meunier, book chapter “Raman scitt) of transition metal dichalcogenides”, in the
book “Beyond Graphene, New Layered Nanomaterialeofy, Experiment and Applications”, Wiley-VCH
Verlag, Accepted (2018).

6. A. Hoffman, M. Stanford, C. Zhang, I. Ivanov, A. €&lele, M. Sales, S. McDonnell, M. Koehler, D. Margjr
L. Liang, B. Sumpter, K. Xiao, P. Rack, “Atmospheric anchbeterm Aging Effects on the Electrical Properties
of Variable Thickness WS&Transistors”, ACS Applied Materials & Interfacd$), 36540 (2018).

7. D. Geohegan, A. Puretzky, A. Boulesbaa, G. DusdBertres, X. Li,L. Liang, M. Samani, C. Rouleau, K.
Xiao, M. Yoon, book chapter “Laser Synthesis, Pssggy, and Spectroscopy of Atomically-Thin Two
Dimensional Materials”, in the book “Advances iretApplication of Lasers in Materials Science”, 8ggr
Nature (2018).

8. O. Deniz, C. Sanchez, R. Jaafar, N. Kharthd,iang, V. Meunier, X. Feng, K. Muellen, R. Fasel, P. fraix,
“Electronic characterization of silicon intercaktehevron graphene nanoribbons on Au (111)”, Cheimic
Communications, 54, 1619 (2018).

9. L. Liang*, A. Puretzky, B. G. Sumpter, V. Meunier, “Inteyxr bond polarizability model for stacking-
dependent low-frequency Raman scattering in layeratérials”, Nanoscale, 9, 15340 (2017Cdfresponding
author] [Nanoscale HOT Article Collection]

10.L. Liang, J. Zhang, B. G. Sumpter, Q. Tan, P. Tan, V. MeuriLow-Frequency Shear and Layer-Breathing
Modes in Raman Scattering of Two-Dimensional Maleli ACS Nano, 11, 11777 (2017).

11.C. Ma, L. Liang*, Z. Xiao, A. Puretzky, W. Lu, V. Meunier, J. Bémic, A. Li*, “Seamless staircase electrical
contact to semiconducting graphene nanoribbon” oNartters, 17, 6241 (2017).@b-corresponding author]

12.A. Oyedele*, S. Yang*L. Liang*, A. Puretzky, P. Yu, P. Pudasaini, Z. Liu, C. Reau, B. Sumpter, M.
Chisholm, W. Zhou, P. Rack, D. Geohegan, K. XidedSe: Pentagonal Two-Dimensional Layers with High
Air Stability for Electronics”, Journal of the Anmiean Chemical Society, 139, 14090 (2017¢* ead author]

13.M. McGuire, J. Yan, P. Lampen-Kelley, A. May, V. @zer, L. Lindsay, A. Puretzky,. Liang, K. Santosh, E.
Cakmak, S. Calder, B. Sales, “High-temperature ratagtructural transition in van der Waals-layered
a—MoCly", Physical Review Materials, 1 (6), 064001 (2017).

14.M. Stanford, P. Pudasaini, E. Gallmeier, N. Crasd, iang, G. Duscher, K. Xiao, D. Geohegan, B. Sumpter, P.
Rack, “High Conduction Hopping Behavior InducedTiransition Metal Dichalcogenides by Percolating éx¢f
Networks: Toward Atomically Thin Circuits”, Advandd-unctional Materials, 27, 1702829 (2017).

15.Y. Cao, N. Sheremetyeva, Liang, V. Meunier, M. Pan, “Anomalous vibrational modasfew layer WTe
revealed by polarized Raman scattering and firistefles calculations”, 2D Materials, 4, 035024 1ZD
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16.A. Sims, M. Jeffers, S. Talapatra, K. Mondal, Skiel, L. Liang, X. Zhang, A. Elias, B. G. Sumpter, V.
Meunier, M. Terrones, “Hydro-deoxygenation of CO Buanctionalized Carbon Nanotubes For Liquid Fuels
Production”, Carbon, 121, 274 (2017)

17.K. Huang,L. Liang, S. Chai, M. Li, Z. Wu, B. Sumpter, S. Dai, “Ampalymer Functionalization of Boron
Nitride Nanosheets for Highly Efficient Capture G6arbon Dioxide”, Journal of Materials Chemistry 3,
(2017).

18.C. Ma, Z. Xiao, H. Zhangl. Liang, J. Huang, B. Sumpter, K. Hong, J. Bernholc, A. 1Gontrollable
conversion of quasi-freestanding polymer chaingraphene nanoribbons”, Nature Communications, 81%4
(2017).

19.L. Talirz, H. Sode, T. Dumslaff, S. Wang, J. Sazekalencia, J. Liu, P. Shinde, C. A. Pignedali,Liang, V.
Meunier, N. C. Plumb, M. Shi, X. Feng, A. Narita, Millen, R. Fasel, P. Ruffieux, “On-Surface Syrsiseand
Characterization of 9-Atom Wide Armchair Grapheranbribbons”, ACS Nano, 11, 1380 (2017).

20.M. Pan* L. Liang*, W. Lin, S. Kim, Q. Li, J. Kong, M. Dresselhau¥, Meunier, “Modification of the
electronic properties of hexagonal boron-nitrideBN/graphene vertical heterostructures”, 2D Materi&,
045002 (2016). [Eo-lead author]

21.D. Massote,L. Liang, N. Kharche, V. Meunier, “Electronic, vibrationadRaman, and scanning tunneling
microscopy signatures of two-dimensional boron maaiterials”, Physical Review B, 94, 195416 (2016).

22.J. Gao, Y. Kim,L. Liang, J. Idrobo, B. Sumpter, T. Lu, V. Meunier, J. Hohe Koratkar, “Transition Metal
Substitution Doping in Synthetic Atomically-Thin @&onductors”, Advanced Materials, 28, 9735 (2016).
23.R. Pengl.. Liang, Z. Hood, A. Boulesbaa, A. Puretzky, A. levlevCbme, O. Ovchinnikova, H. Wang, C. Ma,
M. Chi, B. G. Sumpter, Z. Wu, “In-plane heterojupnats enable multiphasic 2D Mg®anosheets as efficient

photocatalysts for hydrogen evolution from watetuetion”, ACS Catalysis, 6, 6723 (2016).

24.H. Wang, J. Bang*, Y. Sun,. Liang*, D. West*, V. Meunier, S. Zhang, “The role of tadtive motion in the
ultrafast charge transfer in van der Waals hetarotires”, Nature Communications, 7, 11504 (2016Fo-
corresponding author]

25.M. Mahjouri-SamanilL. Liang, A. Oyedele, Y. Kim, M. Tian, N. Cross, M. Lin, Rouleau, A. Puretzky, K.
Xiao, M. Yoon, G. Duscher, B. G. Sumpter, D. B. Gegan, “Tailoring Vacancies Far Beyond Intrinsicéks
Changes the Carrier Type and Optical Response imoldger MoSe, Crystals”, Nano Letters, 16, 5213 (2016).

26.V. lberi, L. Liang, A. levlev, M. Stanford, M. Lin, X. Li, M. MahjowSamani, S. Jesse, B. G. Sumpter, S.
Kalinin, D. Joy, K. Xiao, A. Belianinov, O. Ovchiikova, “Nanoforging Single Layer Mo$& hrough Defect
Engineering with Focused Helium lon Beams”, ScienfReports, 6, 30481 (2016).

27.B. Yang, H. Lin, K. Miao, P. Zhul.. Liang, K. Sun, H. Zhang, J. Fan, V. Meunier, Y. Li, Q, L. Chi,
“Catalytic Dealkylation of Ethers to Alcohols on kéSurfaces”, Angewandte Chemie, 55, 1 (2016).

28.P. Das, G. Danda, A. Cupo, W. Parklin,Liang, N. Kharche, X. Ling, S. Huang, M. Dresselhausyéunier,
M. Drndi¢, “Controlled sculpture of black phosphorus nanooifis”, ACS Nano, 10, 5687 (2016).

29.W. Parkin*, A. Balan*,L. Liang*, P. Das, M. Lamparski, C. Naylor, J. Manzo, AJbhnson, V. Meunier, M.
Drndi¢, “Raman Shifts in Electron-Irradiated Monolayer 844 ACS Nano, 10, 4134 (2016).Co-lead author]

30.A. A. Puretzky*, L. Liang*, X. Li, K. Xiao, B. G. Sumpter, V. Meunier, D. B5eohegan, “Twisted Moge
Bilayers with Variable Local Stacking and Interlay€oupling Revealed by Low-Frequency Raman
Spectroscopy”, ACS Nano, 10, 2736 (2016d¢* ead author]

31.S. Huang*,L. Liang*, X. Ling*, A. A. Puretzky, D. B. Geohegan, B. Gumpter, J. Kong, V. Meunier, M. S.
Dresselhaus, “Low-Frequency Interlayer Raman Mame®robe Interface of Twisted Bilayer Mg§SNano
Letters, 16, 1435 (2016).Co-lead author]

32.X. Ling, S. Huang, E. Hasded, Liang, W. Parkin, Y. Tatsumi, A. Nugraha, A. A Puretzlg, Das, B. G.
Sumpter, D. Geohegan, J. Kong, R. Saito, M. Oindi Meunier, M. S. Dresselhaus, “Anisotropic Etect
Photon and Electron-Phonon Interactions in Blacksgphorus”, Nano Letters, 16, 2260-2267 (2016).

33.G. Vasseur, Y. Fagot-Revurat, M. Sicot, B. KierrenMoreau, D. Malterre, L. Cardenas, G. Galedttil.ipton-
Duffin, F. Rosei, M. Di Giovannantonio, G. Contirl?, Le Fevre, F. Bertrari,. Liang, V. Meunier, D.F.
Perepichka, “Quasi one-Dimensional Band Dispersionl Surface Metallization In long Range Ordered
Polymeric wires”, Nature Communications, 7, 102381(6).

34.M. Lin, H. Zhuang, J. Yan, T. Ward, A. A. Puretzky, M. Rouleau, Z. Gail.. Liang, V. Meunier, B. G.
Sumpter, P. Ganesh, P. R. C. Kent, D. B. Geohdga6,. Mandrus, K. Xiao, “Ultrathin Nanosheets ofSTre;:

A Semiconducting Two-Dimensional Ferromagnetic Mat& Journal of Materials Chemistry C, 4, 315 {&).

35.Y. Song, R. Peng, D. Hensley, P. Bonnedenliang, Z. Wu, H. Meyer, M. Chi, C. Ma, B. G. Sumpter, A.
Rondinone, “High-Selectivity Electrochemical Corsien of CQ to Ethanol using a Copper Nanoparticle/N-
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Doped Graphene Electrode”, ChemistrySelect, 1(2086).

36.J. Lin, L. Liang, X. Ling, N. Zhang, B. Sumpter, V. Meunier, L. Tonl. Zhang, “Enhanced Raman Scattering
on In-plane Anisotropic Layered Materials”, Journhthe American Chemical Society, 137, 15511 (3015

37.G. Bhimanapati, Z. Lin, V. Meunier, Y. Jung, S. DBs Xiao, Y. Son, M. Strand,. Liang, S. Louie, E. Ringe,
B. Sumpter, H. Terrones, F. Xia, Y. Wang, J. ZhuARinwande, N. Alem, J. Schuller, R. Schaak, Mtrdees,

J. Robinson, “Recent Advances in Two-Dimensionatévials Beyond Graphene”, ACS Nano, 9, 11509 (2015)
38.R. Lv, G. Chen, Q. Li, A. McCreary, A. Botello-Méez, S. Morozovl.. Liang, X. Declerck, N. Perea-Lépez,
D. Cullen, S. Feng, A.Elias, R. Cruz-Silva, K. Bajiva, M. Endo, F. Kang, J. Charlier, V. Meunier,hn, A.
Harutyunyan, K. Novoselov, M. Terrones, “Ultraséinsi gas detection of large-area boron-doped gragshe

Proceedings of the National Academy of Science2, 14527 (2015).

39.X. Ling*, L. Liang*, S. Huang, A. A. Puretzky, D. B. Geohegan, B.S@mpter, J. Kong, V. Meunier, M. S.
Dresselhaus, “Low-frequency Interlayer Breathingdes in Few-layer Black Phosphorus”, Nano LetteEs, 1
4080 (2015)[* Co-lead author]

40.A. A. Puretzky,L. Liang, X. Li, K. Xiao, K. Wang, M. Mahjouri-Samani, L.&ile, J. Idrobo, B. G. Sumpter,
V. Meunier, D. B. Geohegan, “Low-Frequency RamamgErprints of Two-Dimensional Metal Dichalcogenide
Layer Stacking Configurations”, ACS Nano, 9, 6336%5).

41.S. Huang, X. LingL. Liang, Y. Song, W. Fang, J. Zhang, J. Kong, V. MeuniérS. Dresselhaus, "Molecular
Selectivity of Graphene-Enhanced Raman ScatterMagho Letters, 15, 2892 (2015).

42.C. Daniels, A. Horning, A. Phillips, D. Massote, Liang, Z. Bullard, B. G. Sumpter, V. Meunier, "Elastic,
plastic, and fracture mechanisms in graphene nadg&riJournal of Physics: Condensed Matter, 27 %201

43.A. Lherbier,L. Liang, J. Charlier, V. Meunier, “Charge carrier trangpord separation in pristine and nitrogen-
doped graphene nanowiggle heterostructures”, Cagnrgé33 (2015).

44.L. Liang, P. Zhu, V. Meunier, "Electronic, structural, asgbstrate effect properties of single-layer covalen
organic frameworks", The Journal of Chemical Phgsiel2, 184708 (2015).

45.L. Liang, V. Meunier, “Atomically Precise Graphene NanodhbHeterojunctions for Excitonic Solar Cells”,
The Journal of Physical Chemistry C, 119, 775 (2015

46.F. Qi, L. Liang, D. Zhang, X. Yu, “Sodium Controlled Synthesis ldéxagonal-Phase NaGgdFYb, Er
Nanocrystals with Enhanced Upconversion Fluoresedoc Bioimaging”, Nanoscience and Nanotechnology
Letters, 7, 121 (2015).

47.L. Liang, J. Wang, W. Lin, B. G. Sumpter, V. Meunier, M.nP&lectronic Bandgap and Edge Reconstruction
in Phosphorene Materials”, Nano Letterd, 6400 (2014).

48.S. Huang, X. LingL. Liang, J. Kong, H. Terrones, V. Meunier, M. S. Dressethd'Probing the Interlayer
Coupling of Twisted Bilayer MosSUsing Photoluminescence Spectroscopy”, Nano Lstiet, 5500 (2014).

49.J. Cai., C. A. Pignedoli, L. Talirz, P. Ruffieux, 86de,L. Liang, V. Meunier, R. Berger, R. Li, X. Feng, K.
Mullen, R. Fasel, “Graphene nanoribbon heterojonst, Nature Nanotechnology, 9, 896 (2014).

50.G. Li, L. Liang, Q. Li, X. He, A. Karki, V. Meunier, R. Jin, J. Zhg, E. Plummer, “Role of antiferromagnetic
ordering in the (1x2) surface reconstruction off&a(Co,),As,", Physical Review Letters, 112, 077205 (2014).

51.L. Liang, V. Meunier, “First-principles Raman spectra of 840WS, and their heterostructures”, Nanoscale, 6,
5394 (2014).

52.B. G. SumpterL. Liang, A. Nicolai, V. Meunier, “Interfacial Propertiesiéh Design of Functional Energy
Materials”, Accounts of Chemical Research, 47, 3@9H.4).

53.E. C. Girdo,L. Liang, V. Meunier, “Heterospin Junctions in Zigzag-Edgeéthphene Nanoribbons”, Applied
Sciences, 4, 351 (2014).

54.L. Liang, V. Meunier, “Electronic and thermoelectric projies of assembled graphene nanoribbons with elastic
strain and structural dislocation”, Applied Phydietters, 102, 143101 (2013).

55.L. Liang, E. C. Girdo, V. Meunier, “Quasiparticle band gapgraphene nanowiggles and their magnetism on
Au(111)”, Physical Review B, 88, 035420 (2013).

56.E. Girdo,L. Liang, J. Owens, E. Silva, B. Sumpter, V. Meunier, bob&pter “Electronic Transport in Graphitic
Carbon Nanoribbons”, in book “Graphene Chemisttyedretical Perspective”, John Wiley & Sons (2013).

57.L. Liang, V. Meunier, “Electronic structure of assembled dwape nanoribbons: Substrate and many-body
effects”, Physical Review B, 86, 195404 (2012).

58.L. Liang, E. Cruz-Silva, E. C. Girdo, V. Meunier, “Enhancegtrmoelectric figure of merit in assembled
graphene nanoribbons”, Physical Review B, 86, 1852812).
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59.E. C. Girdo, E. Cruz-Silvd,. Liang, A. Filho, V. Meunier, “Structural and electrorncoperties of graphitic
nanowiggles”, Physical Review B, 85, 235431 (2012).

60.E. C. Girdo,L. Liang, E. Cruz-Silva, A. Filho, V. Meunier, “Emergencé atypical properties in assembled
graphene nanoribbons”, Physical Review Letters, 188501 (2011).

61.W. Ren,L. Liang, F. Qi, H. Zhu, X. Yu, H. Quan, Q. Gong, “Bimodalorescence and magnetic resonance
imaging using water-soluble hexagonal NaXFe,Tb,Gd nanocrystals”, Journal of Nanomateriéls(2011).

62.Y. Ding, L. Liang, M. Li, D. He, L. Xu, P. Wang, X. Yu, “Efficient anganese luminescence induced by'Ce
Mn?* energy transfer in rare earth fluoride and phophanocrystals”, Nanoscale Research Letters, 5120

63.Y. Xiang, X. Xu, D. He, M. Li,L. Liang, X. Yu, “Fabrication of rare-earth/quantum-dot caomposites for
color-tunable sensing applications”, Journal of dfaarticle Research, 13, 525 (2011).

64.Z. Chen, C. Lian, D. Zhou,. Liang, X. Yu, “Greatly enhanced and controlled mangams®oluminescence in
water-soluble ZnCdS:Mn/zZnS core/shell quantum dda@$iemical Physics Letters, 488, 73 (2010).

Collaborators

Dr. Marija Drndt (University of Pennsylvania, USA); Dr. Mauricio ifenes (Pennsylvania State University,
USA); Dr. Jing Kong (Massachusetts Institute of Aremogy, USA); Dr. Xi Ling (Boston University, USADr.
Shengxi Huang (Pennsylvania State University, US¥); Deji Akinwande (University of Texas at AustidSA);

Dr. David Mandrus (University of Tennessee at Kritbgy USA); Dr. Philip Rack (University of Tennesseat
Knoxville, USA); Dr. An-Ping Li (Oak Ridge Nationdlaboratory, USA); Dr. David Geohegan (Oak Ridge
National Laboratory, USA); Dr. Jean-Christophe flba(Universite Catholique de Louvain, Belgiund);. Roman
Fasel (Swiss Federal Laboratories, Switzerland);Hdng-Heng Tan (Institute of Semiconductors, Chifx. Jin
Zhang (Peking University, China); Dr. Eduardo Gi(8miversidade Federal do Piaui, Brazil).



