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Humanity’s Top Ten Problems
for the Next 50 Years
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Nanoscale Control: Nanomaterials for Energy
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Semiconductor-Sensitized Solar Cells:
from Quantum Dots to Quantum Rods




Advantages of Quantum-Dot-Sensitized Solar Cells
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Nozik, Science (2011).
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ZnO Passivation on TiO, Electrode in QDSC
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* Recombination of carrier electrons is significantly
diminished by the ZnO layer.

» Enhanced adsorption behavior of CdS quantum dot.
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» H. Choi, J. Kim, C. Nahm, C. Kim, S. Nam, J. Kang,
B. Lee, T. Hwang, S. Kang, D. J. Choi, Y.-H. Kim,
and B. Park, Nano Energy (2013).

]
8




Type-11 Heterojunction Nanorods for Solar Cells
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| Electrode Property Modification

> S. Lee,* J. C. Flanagan,* J. Kang, J. Kim,
|HNR@Cd5/T,02 M. Shim, and B. Park, Sci. Rep. (2015).

"""""" > S. Lee,* J. C. Flanagan,* B. Lee, T.
03 04 05 06 ’ ( cud =y
V_[V] Hwang, J. Kim, B. Gil, M. Shim, and B.
F Park, ACS Appl. Mater. Interfaces.
Open pore structure for CdS Pretreatment for :
HNR infiltration Improved Electron Transport ~ (2017).
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Organo-Metal Halide Perovskite
Solar Cells

BX3 Perovskite Unit Cell

o A Site: Organic Cation

B Site: Metal Cation

@ | XSite: Anion

Cell Architecture

Metal electrode
Hole Transporting Material
' Perovskite Absorption Layer
Electron Transporting Material i

, Transparent Conducting Oxide

- . Y. Xiao* and Q. Meng* (Tianjin University),
Y Chem. Commun. 50, 15239 (2014).



Perovskite as the Next Generation Photovoltaics

ABX; Perovskite
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C. Kim, and B. Park, Nano Energy, 26, 91 (2016). ——
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Mechanism Control 1n the Perovskite Solar Cells

Current Density (mA/cm?)
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»J. Kim, T. Hwang, S. Lee, B. Lee, J. Kim, G. S. Jang, S. Nam, and B. Park, Sci. Rep. (2016).
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The Effects of Excess CH;NH,I on Perovskites

in the Non-Stoichiometric Precursor
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» Toluene dripping during spinning of the excess CH;NH;I containing precursor.
- Enlarged grain size and improved crystallinity with perfect film coverage.
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» B. Lee, S. Lee, D. Cho, J. Kim, T. Hwang, K. H. Kim, S. Hong,
T. Moon, and B. Park, ACS Appl. Mater. Interfaces (2016).
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» Light trapping for thin-films solar cells.
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- Superior light scattering with maintaining transparency and resistance.
- Due to effective crater formation with less amount of overall vertical etching.
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» W. Lee, T. Hwang, S. Lee, S.-Y. Lee, J. Kang, B. Lee,
J. Kim, T. Moon, and B. Park, Nano Energy (2015).
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발표자
프레젠테이션 노트
In the acidic solutions, oxygen activities are also observed.
Activity variation among nanocomposites shows similar trend in alkaline environment.
But overall activities are lowered in acid.


Electrode Materials for
Li-lon Battery




Electrode Materials for Li-lon Battery
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Novel Electrochemistry by Nanoscale Coating
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+» Improved electrochemical properties by
nanoscale metal-oxide coating

ANGEWANDTE
CHEMIEe=———

IHTEHHATI‘ﬂHI.I- EDITION P

Zero-Strain Intercalation Cathode for z‘
Rechargeable Li-lon Gell
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The following communications artl “Very Important Papf:rs’l in the opinion

' of two referees. They will be published shortly. Short summaries of these|
articles can be found on the Angewandte Chemie homepage at the address

hhnp /lwww.angewandte.com I

» J. Cho, Y. J. Kim, T.-J. Kim, and B. Park, Angew. Chem. Int. Ed. 40, 3367 (2001). [Times Cited: 488]
» J. Cho, Y. J. Kim, and B. Park, Chem. Mater. 12, 3788 (2000). [Times Cited: 476]
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Metal-Phosphate Nanoparticle-Coated LiCoO,

Bare LiCoO,

AIPO,-Coated
LiCoO,

» J. Cho, Y.-W. Kim, B. Kim, J.-G. Lee, and B. Park
Angew. Chem. Int. Ed. (2003). [Times Cited: 282]
» E.Kim, D. Son, T.-G. Kim, J. Cho, B. Park,
K.-S. Ryu, and S.-H. Chang
Angew. Chem. Int. Ed. (2004).
» C. Kim, M. Noh, M. Choi, J. Cho, and B. Park
Chem. Mater. (2005). [Times Cited: 469]
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AIPO, nanoparticles (~3 nm) embedded
In the coating layer (~15 nm)




Graphene Wrapping on Single-Crystal Li,Ti:O,,
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v Self-assembly of TiO, (P25) and GO by electrostatic interactions.

v Conformal coating of RGO on the individual LTO grains during solid-state reaction
(5TiO, — Li,Ti;O4,, (AV = 32%)).

v The graphene-wrapped LTO manifested an excellent specific capacity at a lithiation/delithiation of 10 C
after 100 cycles.

» Y.Oh,*S. Nam,* S. Wi, J. Kang, T. Hwang, S. Lee, H. H. Park, J. Cabana,
C. Kim, and B. Park, J. Mater. Chem. A (2014). [Inside Back Cover]
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Cell Voltage (V)

Single-Layer Graphene Wrapping on LTO
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» J. Kim,* K. E. Lee,* K. H. Kim, S. Wi, S. Lee, S. Nam,
Nanomaterials for Energy Group C. Kim, S. O. Kim, and B. Park, Carbon (2017). 50



Lithium-Air Battery: Promise and Challenges

High theoretical energy density (= 3500 Wh kg)
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v Hierarchically ordered porous (HOP) structure

v Black-TiO, (bTiO,)cathode

-> Carbon-free electrode with high conductivity

» J. Kang, J. Kim, S. Lee, S. Wi, C. Kim, S. Hyun, S.

Nam, Y. Park, and B. Park,

Adv. Energy Mater. (2017). [Front Cover]
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Oxidation and Reduction
Tm I'u'f!' T'm hit! Tve fos‘f' an electron !/

Another casualty in the War of the Atoms.



Future Nanomaterials for Energy

| Nanoscale Control |

- Compositions?
- Nanostructures?
- Mechanisms?

http://bp.snu.ac.kr
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Ten Recent Publications

h-index = 49

Title Journal A= SCIIF
From Nanostructural Evolution to Dynamic Interplay of Constituents:
Perspectives for Perovskite Solar Cells Adv. Mater. 2017 19.791
Route to Improving Photovoltaics Based on CdSe/CdSe, Te,_, Type-II ACS Appl. Mater
Heterojunction Nanorods: The Effect of Morphology and Cosensitization on | f. ' 2017 7.504
Carrier Recombination and Transport Interfaces
Insights on the Delithiation/Lithiation Reactions of
Li,Mn, ¢Fe, ,PO, Mesocrystals in Li* Batteries by in-situ Techniques Nano Energy 2017 12.343
Breathable Carbon-Free Electrode: Black TiO, with
Hierarchically-Ordered Porous Structure for Stable Li-O, Battery Adv. Energy Mater. 2017 16.721
Synchrotron-Based X-Ray Absorption Spectroscopy for
the Electronic Structure of Li,Mn, gFe, ,PO, Mesocrystal in Li* Batteries Nano Energy 2017 12.343
Single-Layer Graphene-Wrapped Li,Ti;O;, Anode with
Superior Lithium Storage Capability Carbon 2017 6.331
Evaluating the Optoelectronic Quality of Hybrid Perovskites by ACS Appl. Mater. 2016 2504
Conductive Atomic Force Microscopy with Noise Spectroscopy Interfaces :
Investigation of Chlorine-Mediated Microstructural Evolution of
CH,NH,Pbl, (CI) Grains for High Optoelcectronic Responses Nano Energy 2016 12.343
Wrapping Strategy for SnO, with Porosity-Tuned Graphene for
High Rate Lithium-Anodic Performance Carbon 2015 6.331
Organic-Acid Texturing of Transparent Electrodes toward Nano Energy 2015 12.343

Broadband Light Trapping in Thin-Film Solar Cells
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MRS Organizer

CALL FOR PAPERS

2 1 FALL REMINDER:
= MEETING e et

NN  \,\/\v.mrs.org/fall2010

MRS Symposium GG: Next-Generation Fuel Cells—New Materials and Concepts

The direct conversion of chemical energy fo electricity via fuel cells has atfracted significant attenfion for many decades. However, the mass
marketing of fuel cells is often limited by high component costs and inadequate durability in service. Breakthroughs in materials and concepts
are necessary for the development of viable fuel cells for stafionary. fransportation, and portable applications. This symposium will focus on new
materials (novel electrocatalysts, electrolytes, and membrane-electrode assemblies) and new fuel cell concepts (altemative cell designs or
approaches) for next-generation fuel cells. Symposium topics will range from fundamental research fo proof of concept. with featured speakers
from industry, academia. and govemment laboratonies, to capiure a broad perspeciive of the next-generafion fuel cells.

Ting He Paul A. Kohl

ConocoPhillips, Research & Development, Technology, Georgia Institute of Technology, 311 Ferst Dr,

211 CPL — BTC, Bartlesville, OK 74004 Aflanta, GA 30332-0100

Tel 918-661-3520, Fax 918-662-0025, ting.he@conocophillips Tel 404-894-2893, Fax 404-894-2866, kohl@gatech.edu

Karen Swider-Lyons Harry L. Tuller

Naval Research Laboratory, 4555 Overlook Ave. SW, Massachusetts Institute of Technology, Dept. of Materials Science
Washington, DC 20375 and Engineering, 77 Massachuselts Ave., Cambndge, MA 02138
Tel 202-404-3314, Fax 202-404-8118, karen lyons@nr.navy.mil Tel 617-253-6890. Fax 617-258-5749, tuller@mit.edu

Byungwoo Park

Seoul National University, Dept. of Materials Science
and Engineering, Seoul 151-T44, Korea
Tel 82-2-880-8319. Fax 82-2-885-9671. bvunawooiisnu.ac kr
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International Meetings (MRS)
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Graduation of Members
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Teacher’s Day
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House Party
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Once In a While
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What i1s My Goal?
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