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Program Scope 

In the pursuit of efficient PEC hydrogen generation, the use of tandem cells of 
photoelectrochemical (PEC) and photovoltaic (PV) cells is a promising route.  While PEC cells 
of a single photoanode have been constructed and characterized from various materials (TiO2, 
WO3, and ZnO), the efficiency have been low due to the lack of electromotive force (EMF) 
generated in comparison to the conduction band of the metal oxides and the reduction couple 
H+/H2O.  External application of a voltage generated by a photovoltaic cell coupled to a PEC cell 
to properly generate the EMF of 1.23 eV necessary for water splitting.  Further improvement of 
oxide catalysts is to engineer them in such a way that they absorb the solar spectrum (visible 
light) more efficiently.  This requires research into oxide nanomaterials that are doped with 
elements such as nitrogen and/or sensitized with small bandgap semiconductor quantum dots 
(QDs), such as CdSe and CdTe.  

Our specific aims are: 
Ø Creating photoelectrochemical devices with enhanced visible light absorption and 

improved PEC performance by combing two methods of bandgap engineering, 
nitrogen doping and sensitizing with CdSe quantum dots. 

Ø Synthesis and study of one-dimensional (1D) nanomaterials with N-doping and 
quantum dots, including WO3, TiO2, ZnO, CdSe and CdTe.  

Ø Developing photoelectrochemical devices based on self-assembled CdSe quantum 
dots and TiO2 colloidal spheres without the use of small molecule dielectrics. 

Ø Understanding the fundamental processes involved in PEC based on 
nanomaterials, including charge transfer and transport. 

 
Final Report 

In this entire project period from 2005-2014, we have made significant progress in 
developing novel nanostructures of metal oxides (MOs) for solar hydrogen generation based on 
photoelectrochemical (PEC).  Materials investigated are focused on 1D and 0D MO 
nanostructures of TiO2, WO3, ZnO, and Fe2O3 in conjunction with quantum dot (QD) 
sensitization and chemical doping (N or H) to alter their electronic band structures for both 
visible light absorption and for facilitating interfacial charge transport. In addition, we have used 
plasmonic metal nanostructures to enhance the PEC performance by improving light absorption 
of QDs via enhanced scattering of the plamonic metal.  Most importantly, we have discovered a 
multipronged strategy for improving PEC performance: using plasmonic metal nanostructure to 
enhance light absorption, QDs to improve charge transfer, and chemical doping to increase 
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charge transport in metal oxides for PEC.  The combination is critical for overall high efficiency 
of PEC.  This strategy is developed and demonstrated for the first time to our best knowledge. 

Specially, several major achievements are highlighted below: 

• Demonstration of using plasmonic nanostructures to enhance light absorption of 
semiconductor QDs, thereby improving photocurrent of QD-sensitized MO 
nanomaterials for PEC hydrogen geneartion from water splitting. 

• Determination of the mechanism behind improved photocurrent in PEC of hydrogen-
treated MOs in terms of increase oxygen vacancies and majority charge carrier 
density. 

• Direct probe of bandgap states in hydrogen-treated MOs and their relation to optical 
properties and photocurrent generation. 

• Demonstration of core/shell and composite nanostructures involving Fe2O3 for PEC 
applications. 

• Investigation of exciton and charge carrier dynamics on the ultrafast time scales to 
gain insight on influence of various factors such as interfaces between electron donors 
and acceptors using ultrafast laser and X-ray techniques 

• Synthesis and characterization of a number of semiconductor QDs and MO 
nanostructures for PEC applications. 

 
 

Publications from the entire project period (80 total) 
 
80. Ying-Chih Pu and Jn. Zhang, “Mechanisms Behind Plasmonic Enhancement of 

Photocurrent in Metal Oxides,” Austin J. Nanomed. Nanotech. ( invited editorial), in press, 
2014. 

79. Katrin R. Siefermann, C. D. Pemmaraju, Andrey Shavorskiy, Amy Cordones-Hahn, Josh 
Vura-Weis, Daniel S. Slaughter, Felix Sturm, Fabian Weise, Hendrik Bluhm, Matthew L. 
Strader, Hana Cho, Ming-Fu Lin, Camila Bacellar, Champak Khurmi, Marcus P. Hertlein, 
Jinghua Guo, Tolek Tyliszczak, Giacomo Coslovich, Joseph Robinson, Robert A. Kaindl, 
Robert W. Schoenlein, Ali Belkacem, Daniel M. Neumark, Stephen R. Leone, Dennis 
Nordlund, Hirohito Ogasawara, Anders R. Nilsson, Oleg Krupin, Joshua J. Turner, 
William F. Schlotter, Michael R. Holmes, Philip A. Heimann, Marc Messerschmidt, 
Michael P. Minitti, Martin Beye, Sheraz Gul, Jin Z. Zhang, Nils Huse1, David 
Prendergast, and Oliver Gessner,“Atomic Scale Perspective of Ultrafast Charge Transfer at 
a Dye-Semiconductor Interface", JPCL, 5, 2753-2759, 2014. 

78. Ying-Chih Pu, Yichuan Ling, Kao-Der Chang, Chia-Ming Liu, Jin Z. Zhang, Yung-Jung 
Hsu, and Yat Li, “Surface Passivation of TiO2 Nanowires Using a Facile Precursor-
Treatment Approach for Photoelectrochemical Water Oxidation”, JPCC, 118, 15086-
15094, 2014. 

77.  Stefan Neppl, Andrey Shavorskiy, Ioannis Zegkinoglou, Matthew Fraund, Daniel S. 
Slaughter, Tyler Troy,a Michael P. Ziemkiewicz, Musahid Ahmed, Sheraz Gul, Bruce 
Rude, Jin Z. Zhang, Anton S. Tremsin, Per-Anders Glans, Yi-Sheng Liu, Cheng Hao Wu, 
Jinghua Guo, Miquel Salmeron, Hendrik Bluhm, and Oliver Gessner, “Capturing 
interfacial photo-electrochemical dynamics with picosecond time-resolved X-ray 
photoelectron spectroscopy”, Faraday Discussions, in press, 2014. 
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76. Jin Z. Zhang and Jianying Shi, “Quantum dots for solar energy conversion”, Journal of 
Shanghai Second Polytechnic University, 31(1), 1-8, 2014 (invited review). 

75. I. Zarazúa, T. López-Luke, J. Reyes-Gómez, A. Torres-Castro, J. Z. Zhang, and E. De la 
Rosa, “Impedance analysis of CdSe quantum dot-sensitized TiO2 decorated with Au 
nanoparticles and P3OT”, Electrochemistry, 161 (3), H68-H74, 2014. 

74. Damon A. Wheeler, Yichuan Ling, Robert J. Dillon, Robert C. Fitzmorris, Christopher G. 
Dudzik, Sarah A. Lindley, Liat Zavodivker,  Tijana Rajh, Nada Dimitrijevic, Glenn 
Millhauser, Christopher Bardeen, Yat Li, and Jin Z. Zhang, “Probing the Nature of 
Bandgap States in Hydrogen-treated TiO2 Nanowires,” JPCC, 117, 26821-26830, 2013. 

73. Shaohua Shen, Coleman X. Kronawitter, Damon A. Wheeler, Penghui Guo, Sarah 
Lindley, Jiangang Jiang, Jin Z. Zhang, Liejin Guo, and Samuel S. Mao, “Physical and 
Photoelectrochemical Characterization of Ti-doped Hematite Photoanodes Prepared by 
Solution Growth,”  J. Mater. Chem. A, 1, 14498-14506, 2013. 

72. Bob C. Fitzmorris, Jonathan M. Patete, Jacqueline Smith, Xiomara Mascorro, Staci 
Adams, Stanislaus S. Wong, and Jin Z. Zhang, “ Ultrafast Transient Absorption Studies of 
Hematite Nanoparticles: The Effect of Particle Shape on Exciton Dynamics,”  
ChemSusChem, 6, 1907-1914, 2013 (invited for special issue on “Shape-Controlled 
Nanostructures for Energy and Sustainability Applications”). 

71. Bob C. Fitzmorris and Jin Z. Zhang “Recent Advances in Metal Oxide-Based 
Photoelectrochemical Hydrogen Production”, Handbook of Photonics, in press, 2013 
(invited review). 

70. Shaohua Shen, Penghui Guo, Damon A. Wheeler, Jiangang Jiang, Sarah Lindley, Coleman 
X. Kronawitter, Jin Z. Zhang, Liejin Guo, and Samuel S. Maob “Physical and 
Photoelectrochemical properties of Zr-doped Hematite Nanorod Arrays,” Nanoscale, 5, 
9867-9874, 2013. 

69. Ying-Chih Pu, Gongming Wang, Kao-Der Chang, Yichuan Ling, Yin-Kai Lin, Bob C. 
Fitzmorris, Chia-Ming Liu, Xihong Lu, Yexiang Tong, Jin Z. Zhang, Yung-Jung Hsu, and 
Yat Li, “Au Nanostructures-Decorated TiO2 Nanowires Exhibiting Photoactivity Across 
Entire UV-Visible Region for Photoelectrochemical Solar Water Splitting,” Nano Letters, 
13, 3817-3823, 2013. 

68. Yichuan Ling, Jason Cooper, Yi Yang, Gongming Wang, Linda Munoz, Hanyu Wang, Jin 
Z. Zhang, and Yat Li, “Chemically Modified Titanium Oxide Nanostructures for Dye-
sensitized Solar Cells”, Nano Energy, 2, 1373-1384, 2013. 

67. Jason Cooper, Jinbo Cao, and Jin Z. Zhang, “Exciton dynamics of CdS thin films produced 
by chemical bath deposition and DC pulse sputtering”, ACS Appl. Mat. Inter., 5, 7544-
7551, 2013. 

66.  Andrey Shavorskiy, Amy Cordones, Josh Vura-Weisb, Katrin Siefermann, Daniel 
Slaughter, Felix Sturm, Fabian Weise, Matthew Stradere, Hana Choe, Ming-Fu Lin, 
Camila Bacellar, Champak Khurmi, Marcus Hertlein, Travis Wright, Jinghua Guo, 
Hendrik Bluhm, Tolek Tyliszczak, David Prendergast, Giacomo Coslovich, Joseph 
Robinson, Robert Kaindl, Robert W. Schoenlein, Ali Belkacem, Thorsten Weber, Daniel 
M. Neumark, Stephen R. Leone, Dennis Nordlund, Hirohito Ogasawara, Anders R. 
Nilsson, Oleg Krupin, Joshua J. Turner, William F. Schlotter, Michael R. Holmes, Philip 
A. Heimann, Marc Messerschmidt, Michael P. Minitti, Martin Beye, Sheraz Gul, Jin Z. 
Zhang, Nils Huse, and Oliver Gessner, “Time-Resolved X-Ray Photoelectron 
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Spectroscopy Techniques for Real-Time Studies of Interfacial Charge Transfer 
Dynamics”,  AIP Conf. Proc. 1525, pp. 475-479. 

65. Gongming Wang, Yichuan Ling, Xihong Lu, Fang Qian, Yexiang Tong, Jin Z. Zhang, 
Vincenzo Lordi, Cedric Rocha Leao, and Yat Li, “Computational and 
Photoelectrochemical Study of Hydrogenated Bismuth Vanadate”,  J. Phys. Chem. C, 117, 
10957-10964,  2013. 

64. Bob C. Fitzmorris, Ying-Chih Pu, Jason K. Cooper, Yi-Fang Lin, Yung-Jung Hsu, Yat Li, 
and Jin Z. Zhang, “Synthesis, Optical Properties, and Exciton Dynamics of Alloyed 
Core/Shell/Shell Cd1-xZnxSe/ZnSe/ZnS Quantum Dots,” ACS Applied Materials & 
Interfaces, (invited for special issue on “Biomedical Applications of Colloidal 
Photoluminescent Quantum Dots”), 5, 2893-2900, 2013. 

63. Damon Wheeler and Jin Z. Zhang, “Exciton Dynamics in Semiconductor Nanocrystals”, 
Advanced Materials, 25, 2878-2896,  2013, ( invited review). 

62. Robert Fitzmorris, Sheraz Gul, Jason K. Cooper, Jinghua Guo, and Jin Z. Zhang, 
“Synthesis and structural and optical properties of  CdSe/CdS/ZnS core/shell/shell 
quantum dots”, JPCC, 116, 25065-25073, 2012. 

61. Jason Cooper, Yichuan Ling, Yat Li, and Jin Z. Zhang, “Ultrafast charge carrier dynamics 
and photoelectrochemical properties of hydrogen treated ZnO nanowires”, J. Phys. Chem. 
C, 116, 17360-17368, 2012. 

60. George K. Larsen, Bob C. Fitzmorris, Claudia Longo, Jin Z. Zhang, and Yiping Zhao, 
“Nanostructured Homogenous CdSe/TiO2 Composite Visible Light Photoanodes 
Fabricated by Oblique Angle Codeposition”, J. Mater. Chem., 22, 14205-14218, 2012. 

59. Nadejda Rozanova and Jin Z. Zhang, “Metal and Magnetic Nanostructures for Cancer 
Diagnosis and Therapy”, Rev Nanosci. Nanotech., 2(10), 29-41, 2013, (invited review). 

58. Jonathan R.I. Lee, Heather D. Whitley, Robert W. Meulenberg, Abraham Wolcott, Jin Z. 
Zhang, David Prendergast, Derek D. Lovingood, Geoffrey F. Strouse, Tadashi Ogitsu, Eric 
Schwegler, Louis J. Terminello, and Tony van Buuren, “Surfactant-Mediated Modification 
of the Electronic Structure of CdSe Quantum Dots”, Nano Letters, 12, 2763-2767, 2012. 

57. Damon Wheeler, Gongming Wang, Yichuan Ling, Yat Li and Jin Z. Zhang, “Iron oxide 
nanomaterials: synthesis characterization, and photoelectrochemical properties”, Energy 
Env. Science, 5, 6682-6702, 2012 (invited review article) 

56. Damon Wheeler, Jian-An Huang, Rebecca Newhouse, Wen-Feng Zhang, S. T. Lee, J. Z. 
Zhang, “Ultrafast exciton dynamics in silicon nanowires”, J. Phys. Chem. Lett. 3, 766-771, 
2012. 

55. Yichuan Ling, Gongming Wang, Jay Reddy, Changchun Wang, Jin Z. Zhang, and  Yat Li, 
“Influence of Oxygen Content on Thermal Activation of Hematite Nanowires”, Angew. 
Chemie Int. Ed. 51, 4074-4079, 2012. 

54. Bob C. Fitzmorris, George K. Larsen, Damon A. Wheeler, Yiping Zhao, and Jin Z. Zhang, 
“Ultrafast Charge Transfer Dynamics in Polycrystalline CdSe/TiO2 Nanorods Prepared by 
Oblique Angle Co-deposition”, J. Phys. Chem. C, 116, 5033-5041, 2012. 

53.  Gongming Wang, Yichuan Ling, Hanyu Wang, Xunyu Yang, Changchun Wang, Jin Z. 
Zhang, and Yat Li “Hydrogen-treated WO3 nanoflakes show enhanced photostability”, 
Energy Env. Science, 5, 6180-6187, 2012. 

52. Hanyu Wang, Gongming Wang, Yichuan Ling, Marion Lepert, Changchun Wang, Jin Z. 
Zhang, and Yat Li, “Oxygen Deficient TiO2 Nanowires for Solar Hydrogen Generation”, 
Nanoscale, 4, 1463-1466, 2012. 
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51.  Damon A. Wheeler, Gongming Wang, Bob C. Fitzmorris, Staci A. Adams, Yat Li, Jin Z. 
Zhang, “Ultrafast Charge Carrier Dynamics and Photoelectrochemical Properties of 
Hydrogen-treated TiO2 Nanowire Arrays” MRS Proc. 1387, e04-07, 2012. 

50. I. Zarazúa, E. De la Rosa, T. López-Luke, J. Reyes, S. Ruiz, C. Ángeles-Chavez and Jin Z. 
Zhang, “Photovoltaic conversion enhancement of CdSe quantum dots sensitized TiO2 
decorated with Au nanoparticles and P3OT”, J. Phys. Chem. C, 115, 23204-23220, 2011. 

49. Damon Wheeler, Robert Fitzymorris, Haiguang Zhao, Dongling Ma, Jin Z. Zhang, 
“Ultrafast exciton relaxation dynamics in PbS and core/shell PbS/CdS quantum dots”, 
Science China Chemistry,  54, 2009-2015, 2011 (invited for special issue on Celebration 
of International Year of Chemistry). 

48. Jason Cooper, Yichuan Ling, Yat Li, and Jin Z. Zhang, “ Ultrafast charge carrier dynamics 
and photoelectrochemical properties of ZnO nanowires decorated with Au nanoparticles”, 
SPIE Proc., 8109, 2011. 

47. Haroldo G. Oliveira, Robert C. Fitzmorris, Claudia Longo, Jin Z. Zhang, 
“Photoelectrochemical and photocatalytic properties of TiO2, WO3 and WO3-TiO2 
porous films in photodegradation of rhdodamine 6G in aqueous solution”, Science of 
Advanced Materials, 4, 673-680, 2012 (invited for special issue on Optical Nanomaterials: 
Challenges and Opportunities). 

46.  C.X. Kronawitter, L. Vayssieres, S. Shen, L. Guo, D. Wheeler, J.Z. Zhang, B.R. Antoun, 
S.S. Mao, “A perspective on solar-driven water splitting with all-oxide hetero-
nanostructures”, Energy and Env. Sci, 4, 3889-3899, 2011 (invited perspective). 

45. Coleman X. Kronawitter, Jonathan R. Bakke, Damon Wheeler, Wei-Cheng Wang, 
Chinglin Chang, Bonnie R. Antoun, Jin Z. Zhang, Jinghua Guo, Stacey F. Bent, Samuel S. 
Mao, Lionel Vayssieres, “Electron enrichment in 3d transition metal oxide 
heteronanostructuress”, Nano Letters, 11, 3855-3861, 2011. 

44. George K. Larsen, Robert Fitzmorris, Jin Z. Zhang, and Yiping Zhao, “Structural, optical, 
and photocatalytic properties of Cr:TiO2 nanorod array fabricated by oblique angle co-
deposition”, J. Phys. Chem. C, 115, 16892-16903, 2011. 

43. Gongming Wang, Yichuan Ling, Damon A. Wheeler, Kyle E. N. George, Kim Horsley, 
Clemens Heske, Jin Z. Zhang, Yat Li, “Facile synthesis of highly photoactive α-Fe2O3-
based films for water oxidation”, Nano Letters, 11, 3503-3509, 2011. 

42. Gongming Wang, Hanyu Wang, Yichuan Ling, Chaoyue Tang, Xunyu Yang, Robert K. 
Fitzmorris, Changchun Wang, Jin Z. Zhang, and Yat Li, “Hydrogen-treated TiO2 
nanowire arrays for photoelectrochemical water splitting”, Nano Letters, 11, 3026-3033, 
2011. 

41.  Jason K. Cooper, Alexandra M. Franco, Sheraz Gul, Carley Corrado, Jin Z. Zhang, 
“Characterization of Primary Amine Capped CdSe, ZnSe, and ZnS Quantum Dots by FT-
IR: Determination of Surface Bonding Interaction and Identification of Selective 
Desorption”, Langmuir, 27, 8486-8493, 2011. 

40. Wilson Smith, Abe Wolcott, R. Fitzmorris, Jin Z. Zhang, Yiping Zhao, “Quasi-core-shell 
TiO2/WO3 and WO3/TiO2 nanorod arrays fabricated by glancing angle deposition for 
solar water splitting”, J. Mater. Chem., 21, 10792-10800, 2011. 

39. Y. Ling, G. Wang, D. Wheeler, J. Z. Zhang, and Y. Li, “Sn-doped Hematite 
Nanostructures for Photoelectrochemical Water Splitting”, Nano Letters, 11, 2119-2125, 
2011. 
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38. Liping Liu, Gongming Wang, Yat Li, Yadong Li, and Jin Z. Zhang, “Enhanced 
photoresponse of CdSe quantum dot sensitized TiO2 nanoparticles by plasmonic gold 
nanoparticles”, Nano Research, 4, 249-258, 2011. 

37. J. Hensel, M. Canin, J. Z. Zhang, “QD co-sensitized and nitrogen doped TiO2 
nanocomposite for photoelectrochemical hydrogen generation”, SPIE Proc., 7770, 121-
128, 2010. 

36. J. Hensel and J.Z. Zhang, “Photogenerated charge carriers in semiconductor nanomaterials 
for solar energy conversion”  Int. Journal of Nanoparticles, (invited key review), 4, 95-
118, 2010. 

35. Xunyu Yang, Gongming Wang, Peter Slattery, Jin Z. Zhang and Yat Li, “Ultrasmall 
Single Crystal Indium Antimonide Nanowires”, Crystal Design and Growth., 10, 2479-
2482, 2010. 

34. Chittreeya Tansakul, Erin Lilie, Eric D. Walter, Frank Rivera III, Abraham Wolcott, Jin Z. 
Zhang, Glenn L. Millhauser and Rebecca Braslau, “Distance-dependent Fluorescence 
Quenching and Binding of CdSe Quantum Dots by Functionalized Nitroxide Radicals”, J. 
Phys. Chem. C, 114, 7793-7805, 2010. 

33. Abraham Wolcott, Robert K. Fitzmorris, Omed Muzaffery, and Jin Z. Zhang, “CdSe 
Quantum Rod Formation Aided By In Situ TOPO Oxidation” Chemistry of Materials, 22, 
2814-2821, 2010. 

32. Gongming Wang, Xunyu Yang, Fang Qian, Jin Z. Zhang and Yat Li, “Double-sided CdS 
and CdSe Quantum Dot Co-sensitized ZnO Nanowire Arrays for Photoelectrochemical 
Hydrogen Generation”, Nano Letters, 10, 1088-1092, 2010. 

31. Jennifer Hensel, Gongming Wang, Yat Li, and Jin Z. Zhang, “Synergistic Effect of CdSe 
Quantum Dot Sensitization and Nitrogen Doping of TiO2 Nanostructures for 
Photoelectrochemical Hydrogen Generation”, Nano Letters, 10, 478-483, 2010. 

30. Liping Liu, Jennifer Hensel, Robert C. Fitzmorris, Yadong Li, and Jin Z. Zhang, 
“Preparation and Photoelectrochemical Properties of CdSe/TiO2 Hybrid Mesoporous 
Structures”, J. Phys. Chem. Lett., 1, 155-160, 2010. 

29. J.H. Li and Jin Z. Zhang, “Optical Properties and Applications of Hybrid Semiconductor 
Nanomaterials”, Coord. Chem. Rev., 253, 3015-3041, 2009 (invited review).  

28. Yat Li and Jin Z. Zhang, “Hydrogen Generation from Photoelectrochemical Water 
Splitting Based on Nanomaterials”, Lasers and Photonics Review, 4, 517-528, 2010 
(invited review). 

27. X.J. Lv, J.H. Li, Jennifer Hensel, Jin Z. Zhang, “Enhanced Visible Light 
Photoelectrochemical Performances with Nitrogen Doped TiO2 Nanowire Arrays”, 
Electrochemistry, 15, 432-440, 2009. 

26. Xunyun Yang, Abe Wolcott, Guangming Wang, Alissa Sobo, Bob Fitzmorris, Fang Qiang, 
Jin Z. Zhang, and Yat Li, “Nitrogen-doped ZnO Nanowire Arrays for 
Photoelectrochemical Water Splitting”, Nano Letters, 9, 2331-2336, 2009. 

25. J. Hensel and J.Z. Zhang, “Effect of ions on photoluminescence of semiconductor quantum 
dots”, Science of Advanced Materials, 1, 4-12, 2009. 

24. Robert W. Meulenberg, Jonathan R.I. Lee, Abe Wolcott, Jin Z. Zhang, Louis J. 
Terminello, and Tony van Buuren,“Determination of the Exciton Binding Energy in CdSe 
Quantum Dots”, ACS Nano, 3, 325-330, 2009. 
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23.  A. Wolcott, J. Z. Zhang, W. A. Smith, and Y.P. Zhao, “Photoelectrochemical Study of 
Nanostructured ZnO Thin Films for Hydrogen Generation from Water Splitting”, 
Advanced Functional Materials, 19, 1849-1856 2009. 

22. Xunyun Yang, Abe Wolcott, Guangming Wang, Alissa Sobo, Bob Fitzmorris, Yat Li, and 
Jin Z. Zhang, “Nitrogen-doped ZnO Nanowire Arrays for Photoelectrochemical Water 
Splitting”, Nano Letters, in press, 2009. 

21. J. Hensel and J.Z. Zhang, “Effect of ions on photoluminescence of semiconductor quantum 
dots”, Science of Advanced Materials, in press, 2009. 

20. Robert W. Meulenberg, Jonathan R.I. Lee, Abe Wolcott, Jin Z. Zhang, Louis J. 
Terminello, and Tony van Buuren, “Determination of the Exciton Binding Energy in CdSe 
Quantum Dots”, ACS Nano, 3, 325-330, 2009. 

19. Ganna Chornokur, Sergei Ostapenko, Elizaveta Oleynik, Catherine Phelan, Nadezhda 
Korsunska, Tatiana Kryshtab, Jin Zhang, Abraham Wolcott, Thomas Sellers, “Scanning 
Photoluminescent Spectroscopy of Bioconjugated Quantum Dots”, Superlattices and 
Microstructures, in press, 2009. 

18.  A. Wolcott, J. Z. Zhang, W. A. Smith, and Y.P. Zhao, “Photoelectrochemical Study of 
Nanostructured ZnO Thin Films for Hydrogen Generation from Water Splitting”, 
Advanced Functional Materials, in press, 2009. 

17. Kenneth L. Knappenberger, Jr., Wei Xu, Daryl B. Wong, Adam M. Schwartzberg, 
Abraham Wolcott, Jin Z. Zhang, and Stephen R. Leone, “Excitation Wavelength 
Dependence of Fluorescence Intermittency in CdSe/TOPO nanorods”, ACS Nano, 2, 10, 
2143-2153, 2008. 

16. A. Wolcott, W. A. Smith, T. R. Kuykendall, Y.P. Zhao, and J.Z. Zhang 
“Photoelectrochemical generation of hydrogen from water splitting based on dense and 
aligned TiO2 nanorod arrays”, Small, 5, 104-111, 2008.  

15. Geng Wang, Da Chen, Hao Zhang, Stanislav Nespurek , Jin Z. Zhang and Jinghong Li, 
“Tunable Photocurrent Spectrum and Enhanced Photocatalytic Activity of Well-oriented 
Zinc Oxide Nanorod Arrays”, J. Phys. Chem. C, 112, 8850-8855, 2008. 

14. J.Z. Zhang, C.D. Grant, “Optical and dynamic properties of semiconductor 
nanomaterials”, Ann. Rev. of  Nano Research, 2, 1, 2008 (invited review). 

13. T. Lopez-Luke, A. Wolcott, Liping Xu, Shaowei Chen, Zhenhai Wen, Jinghong Li, Elder 
de La Rosa-Cruz, and J.Z. Zhang, “Nitrogen Doped and CdSe Quantum Dot Sensitized 
Nanocrystalline TiO2 Films for Solar  Energy Conversion Applications”, J. Phys. Chem. 
C, 112, 1282-1292, 2008. 

12. W. Smith and Y.-P. Zhao, “Superior photocatalytic performance by vertically aligned 
core-shell TiO2/WO3 nanorod arrays,” Catalysis Communications 10, 1117-1121 (2009). 

11. W. Smith and Y.-P. Zhao, “Enhanced photocatalytic activity by aligned WO3/TiO2 two-
layer nanorod array,” J. Phys. Chem. C, 112, 19635 -19641 (2008). 

10. Y.-P. He, Z.-Y. Zhang, and Y.-P. Zhao, “Optical and photocatalytic properties of oblique 
angle deposited TiO2 nanorod array,” J. Vac. Sci. Technol. B 26, 1350 – 1358 (2008). 

9. Kenneth L. Knappenberger, Jr., Wei Xu, Daryl B. Wong, Adam M. Schwartzberg, 
Abraham Wolcott, Jin Z. Zhang, and Stephen R. Leone, “Excitation Wavelength 
Dependence of Fluorescence Intermittency in CdSe/TOPO nanorods”, ACS Nano, 2, 10, 
2143-2153, 2008. 
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8. A. Wolcott, W. A. Smith, T. R. Kuykendall, Y.P. Zhao, and J.Z. Zhang 
“Photoelectrochemical generation of hydrogen from water splitting based on dense and 
aligned TiO2 nanorod arrays”, Small, 5, 104-111, 2008.  

7. Geng Wang, Da Chen, Hao Zhang, Stanislav Nespurek , Jin Z. Zhang and Jinghong Li, 
“Tunable Photocurrent Spectrum and Enhanced Photocatalytic Activity of Well-oriented 
Zinc Oxide Nanorod Arrays”, J. Phys. Chem. C, 112, 8850-8855, 2008. 

6. J.Z. Zhang, C.D. Grant, “Optical and dynamic properties of semiconductor 
nanomaterials”, Ann. Rev. of  Nano Research, 2, 1, 2008 (invited review). 

5. T. Lopez-Luke, A. Wolcott, Liping Xu, Shaowei Chen, Zhenhai Wen, Jinghong Li, Elder 
de La Rosa-Cruz,  and J.Z. Zhang, “Nitrogen Doped and CdSe Quantum Dot 
Sensitized Nanocrystalline TiO2 Films for Solar   Energy Conversion 
Applications”, J. Phys. Chem. C, 112, 1282-1292, 2008. 

4. A. Escobedo Morales, R. Aceves, U. Pal, and J. Z. Zhang, “Low Temperature 
Photoluminescence  Characteristics of Chemically Synthesized Indium Doped Zinc 
Oxide Nanostructures”, J. Nanosci.  Nanotech. in press, 2007. 

3. S. M. Dybiec, A. Chornokur, S. Ostapenko, A. Wolcott, D. Ortiz, J. Zhang, A. Zajac, C. 
Phelan, and T.  Sellers,  “Photoluminescence Spectroscopy of Bio-conjugated CdSe/ZnS 
Quantum Dots”, Appl. Phys. Lett., 90, 263112, 2007. 

2. F. Wu, J. Zaug, C.E. Young, J. Z. Zhang, “Pressure-induced phase transition in Thiol-
capped CdTe Nanoparticles,” J. Nanosci. Nanotech., 8, 6528-6532, 2007. 

1. A. Wolcott, T. R. Kuykendall. W. Chen, S. Chen, J.Z. Zhang, “Synthesis and 
Characterization of Ultrathin WO3 Nanodiscs Utilizing Long Chain Polyethylene Glycol”, 
J. Phys. Chem. B, 110, 25288-2529, 2006. 

Personnel Associated with the Research in the entire project period 

• At UCSC 
Staci Admas (Ph.D. student, current) 
Sarah Lindley (Ph.D. student, current) 
Ying-Chih Pu (Postdoctor, current) 
Abe Wolcott (Ph.D. graduate student, graduated June 2009) 
Jenny Hensel (Ph.D. graduate student, graduated June 2011) 
Bob Fitzmorris (Ph.D. graduate student, graduated June 2012) 
Damon Wheeler (Ph.D. graduate student, graduated June 2012) 
Jason Cooper (Ph.D. graduate student, graduated June 2012) 
Liping Liu (Ph.D. visiting graduate student from Tsinghua University, China) 
Jianying Shi (visiting professor from Zhong Shan University, China) 
Haixia Ma (visiting professor from Northwest University, China) 
Tzarara Luke-Lopez (visiting graduate student and postdtcor,from Mexico) 
Omed Muzaffery (undergraduate student, graduated in June 2009) 
Jordan Edberg (undergraduate student, graduated in June 2011) 
Dr. Jin Z. Zhang (PI) 

• At UGA 
Wilson Smith (Ph.D. graduate student, graduated in 2009) 
George Larsen (Ph.D. graduate student, graduated in 2012) 
Whitney Ingram (Undergraduate student) 
Dr. Yiping Zhao (Co-PI) 
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Current and Pending Support 
Jin Zhang, UCSC 
Current: 
1. Renaissance Health Service Cooperation and Its Associates, “Synthesis and 
Bioconjugation of Hollow Gold Nanospheres (HGNs)”, $219,120, 2012-2015, (PI) 

No overlap with the current DOE grant. 
2. UC-MEXUS. “Investigating the Charge Transport Properties on Solar Cells Sensitized 
with Quantum Dots and Metallic nanoparticles”,  $25,000, 2013-2015, (Co-PI) 

Small overlap with the current DOE proposal in terms of the use of quantum dots. 
Pending: 
1. NIH, “Probing Mechanisms of Heat Transport and Cell Death in Photothermal  
Ablation”, $381,512, 07/01/15-06/30/18, (PI) 
 No overlap with the current DOE grant. 
2. NSF, “Rational Codoping as a Strategy to Enhance Blue Luminescence of Ag+-Doped 

Semiconductor Quantum Dots for White Light Generation”, $381,837, 07/01/15-
06/30/18, (PI) 
No overlap with the current DOE grant. 

3. NSF, “SusChem: Understanding the Origin of Instability of Perovskite Quantum Dots 
from a Dynamic Perspective”, $479,000, 07/01/15-06/30/18, (PI) 
No overlap with the current DOE grant. 

 
Yiping Zhao, UGA   
Current: 
1. NSF, “Rationally Designed Three-Dimensional Nanostructures for Surface Enhanced 
Raman Spectroscopy”, $329,704, 10/01/10 – 03/15/15, (PI)/ 

No overlap with the current DOE grant 
2. U.S. Department of Agriculture, “Technologies as Multiple Hurdles to Inactivate Shiga 
Toxin-Producing Escherichia coli and Viruses during Beef Processing and on Non-intact 
Beef”, $4,990,000, 01/01/2011 – 12/31/2015, (co-PI, with Y. Hung, etc) 
 No overlap with the current DOE grant 
3. NSF, “SERS Based Micro-Sensor Arrays for Quantitative miRNAs Detection”, 
$409,999, 09/01/2011 – 08/31/2015, (PI, with R. A. Tripp, and J. Driskell) 

No overlap with the current DOE grant 
4. NSF, “NUE: UNITE - Undergraduate Nanotechnology Inquiry, Training, and 
Experimentation at the University of Georgia (UGA)”, $200,000,1/1/2013-12/31/2014, (co-PI, 
with Leidong Mao, Jason Locklin, Bingqian Xu, and Zhengwei Pan) 

No overlap with the current DOE grant 
5. NSF, “Collaborative Research: Kinetics of Autonomous Catalytic Nanomotors in 
Confined and Crowded Environments, $359,930, 06/15/2013 – 06/14/2016, (PI, with Rui Qiao) 

No overlap with the current DOE grant 
6. NSF, “Template Based Fabrication of Three Dimensional Optical Metamaterials, 
$250,001, 08/01/2014 – 07/31/2017, (PI, with Bill Dennis) 

No overlap with the current DOE grant 
7. NSF, “Nanomotors for thrombolytic therapy after stroke, $275,000, 03/01/2014 
– 02/28/2016, (co-PI, with K. L. Jin, Bo Yang) 
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No overlap with the current DOE grant 
 
Pending: 
1. NSF, “Collaborative Research: Growth of High Quality Heterostructured Oxide 
Nanorods through Energetic Shadowing Self-Assembly”, $203,760, 08/01/2015 – 
07/31/2018, (PI, with Bo Yang and Dexian Ye) 

No overlap with the current DOE grant 
2. NSF, “Collaborative Research: Assembly, Characterization, and Modeling of 
Functional Multi-component Nanomotors”, $ 225,780, 05/01/2014 – 04/30/2017, (PI, with Bo 
Yang) 

No overlap with the current DOE grant 
3. NSF, “Collaborative Research: Active Magnetic Nanomotors to Enhance 
Thrombolysis for Better Ischemic Stroke Treatment, $ 391,139, 05/01/2015 – 
04/30/2018, (PI, with Bo Yang, Leidong Mao and Brian Condie) 

No overlap with the current DOE grant 
 
 

Cost Status 
Fund has been completely spent. 


