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“Convenient” Access to Solar Energy

e Coal, Petroleum, Natural Gas
— Coal: =20 MJ/kg
— Petroleum: = 48 MJ/kg
— Natural Gas: = 59 MJ/kg

e Problem:
— It Takes Millions of Years to Form Fossil Fuels

— Equivalent = 8x10° metric tons of
Petroleum/year

— 5.4x10° metric tons Carbon Emitted/year
— NOT Sustainable!



How Much Solar Energy?
* Energy used by Earth’s Inhabitants:

— 400 EJ iIn ONE YEAR

* Energy from the Sun:
— 10,800 EJ in ONE DAY
— 27X More than Used in One Year

* Photon Energy ,,.
— in Visible: &
— 240 kJ/mole ’"m
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Direct Solar

» Passive Solar r—
— Greenhouse Effect

o Active Solar
— Solar Thermal Aitken/NREL
e Concentrate, Heat from Sun
— Solar Electric
e Photovoltaics
 Sunlight --> Electricity
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- Solar - Where?
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Photovoltaic Cells
e Mostly Silicon
o Crystalline, Microcrystalline, Amorphous, Thin Film

Sunlight
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Current

Photovoltaic Efficiency (Solar)
Limited by Photon Energy, Band Gap
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Best Research-Cell Efficiencies

40
Multijunction Concentrators
w Three-junclion (2-terminal, manolithic)
36 = & Twodjunction (2-terminal, monolithic)
Crystalline Si Cells
B Single cry stal
2 o Multicry stalline
# Thin Si
28 |- Thin Film Technologies
® Cu(In,Ga)Se,
o CdTe
U O Amorphous Si:H (stabilized)
== Emerging PV
g ODye cells
e 201 e0Ormganic cells
@ (various technologies)  Westing- MREL MNREL
= house
= - - NREL 00
= Uni — A
£ 16 No. Canie NS S T
State University . EumCIS Ast’quar
Kodak Solarex ARCO BmBqai x O
12 Bosing . - o United Solar
N o 00 AMETE o=
Masushita e University of
8 [ O— l'uhrmular Kodak Boeing AshoPowes E United Solar Lausanne
)
Boeing Solanex z .
T Groningen Siemens
University . University of Princeton®
4 - of Maine o— RCA Lausanne
rea  ROA 7RG T Kodak* ucss* Universi
A O RCA - *Not NREL -confrmed I 'Jefﬁﬂ}'
B e L R e o =) R By R GBETET ) (o SPEERE g e ) 1 | SEE D Rl B SRS T, B
1975 1980 1985 1990 1995 2000 2005
0268587193

-t:?ﬂ!& Matienal Rerewabile Energy Laboratory




Component/Cost Issues

e Solar Photovoltaics
— = $3-4/Wp
— =~ $0.15-%$0.30/kWh
e Biggest Factor-
— PV Module
— Materials/Efficiency

e Challenge:

e Large Area PVs
« CHEAP!

First Solar Thin-Film PV Module
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Photovoltaic Production
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Reducing Cost - Emerging Materials

e QOrganic Semiconductors
— Semiconducting Polymers

— Small Molecule Organics = “T:- _
— Dye-Sensitized o i
— Composite Devices
» Advantages _—
— Coat Arbitrary Surfaces ’,/
— Photovoltaic “Paint”?
— Less Expensive Materials
» Challenges Ken Zweibel, NREL

— Less Efficient
— Different Mechanism (Tightly Bound Excitons)



New Photoactive Organic Films - KSU

* Previously:
— Symmetric Diimides
— Crystalline or Liquid Crystalline (at High Temperatures)
— Polymer-Diimide Composite Films
» Optoelectronic Properties: From Chromophore
» Mechanical/Morphological(?) Properties: From Polymer

e Our Proposal:

— Asymmetric Water Soluble Diimides

— Polyelectrolyte-Surfactant Composites - as Thin Films
o Optoelectronic Properties: From Perylene Diimides
« Mechanical Properties: From Polymer + Surfactant
 Solution Processible - Casting from AQUEOUS Solutions!
o Self-Assembled Lamellar Phases - “Self Healing”




Compounds Synthesized - KSU
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C,,-PDIF/PA- Thin Film Structure -
SAXS

More Complex Structure Present?
/| Polymorph?
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Xie, Liu, Hall, Barron and Higgins, Langmuir, 2005, 21, 4149.



C,,-PDI*/PA" Devices

p-n Heterojunction Devices

metal
C,,-PDI*/PA-

TPD
ITO

Glass

Present Characteristics:
< 200 mV Photovoltage
Nanoamp Photocurrents
Long Rise/Decay

Due to:
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MP Fluorescence - PDI Films
Low Loading (= 2% C,,-PDI* in PA)

Two Photon Excitation of PDI
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Polarization Dependent MP EXxcitation

— Nanometer Scale Organization
« C,,-PDI*/PA- Composites
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MP Polarization Dependence
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Summary and Future Directions
New Organic Photovoltaics

» Today:
» Sllicon, Others: Crystalline, Amorphous, Films Viable
» Costs Still High
» Materials Costs Reductions Possible with Organics

> At KSU:

» Perylene Diimide Polyelectolyte Composites
» Prepared from Aqueous Solutions

» Future:
» Energy Storage an Issue
» Improvements in Thin Film Characteristics
» Development of Simple Coating Procedures
» Increased Emphasis Needed at National Level



PDI4*/PA- Fluorescence

Stoichiometric
No PA- Complex




Fluorescence

Fluorescence

I

C,,-PDI*/PA" and PDI?**/PA" Aggregation
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Multiphoton Microscopy

::/

Sample-Scanning Sample
Confocal Microscope

Scanning
| | Stage
* High Resolution
Imaging Objective
* Low Background M
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