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10.ropulation 2003 63 Billion People
Nobel laureate Richard Smalley 2050 9-10 Billion People
Houston in 2003



Why Solar Cells ?

/ﬁnstalled oKWD solar
array for a typical home,
over a single year,

it would prevent: S
& 20000 lit of water

¥+ 3.3 tones of coal from being burned

3 300 kg of ash from being disposed of landfills

%+ 30 kg of S0, and 25 kg of NO, from causing acid rain

% 85 tones of GO, from enhancing the greenhouse effect
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Terminology

» Photovoltaic : light + Alessandro Volta = light electricity

« Air Mass (AM)

- dedree of light decrease by absorption, reflection, refraction
— AMO: outside atmosphere ~1367 W/m? (136.7 mW/cm?]

- AM « =1/c0S¢; angle from the horizon

- AM1 : at ¢ = 48.2° ~ one sun (1000 W/m?)




Types of Solar Cells

~{ siicone ¢ }—l:

Solar
Cells

( Semiconductor
Compounds

Amorphous

single crystal ]—»[ 7 »26% very expensive ]

Crystaliine

Polycrystal H[ 7 ~18%, expensive

|

Lb[ 7 >12%. firstly successful thin flims In commerclal use
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Organic SC

I1-¥l & [CdSCdTe..] > # »10% easllv syntheslzed
N-¥ = [GAASINP.] fe—— # »30% vyery expensive
-1l -¥] & [CUINSB,..] et 7 ~17%, alloy with other metal

Cheap, » <5%

Polymer Electrolytes High durability
Mechanical property




Generation of Solar Cells

Photovoltaics: from physics to nature
- 15t Generation: Silicon crystalline
- 2" : Silicon amorphous, thin films
- 3¢ : Nanotechnology & Biomimetics
- 4 : Biological

Solar Cell

Bitan
Silicon
%¢hon SiGe, SiC &
Amorphous
Bt GaAs, InP, GaAlAs, GalnAs
it&® -y = 3s=2%R)
% §han CulnGaSe,, CdS, CdTe.ZnS
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Trends in Industry

INAP, Gelsenkirchen, Grmany

DSSC
ECN, Petten, Netherlands
Manufactu rers Solaronix, Aubonne, Swiss

IMBA-Europe, France

Konarka, MA

Japan
=~ 50 companies



Principles of Inorganic Solar Cells
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N tvpe: e- transfer, e- acceptor
P type: hole transfer, e- donor

Band gaﬂ E = ECB . EUB
Photon with high E > Egg

CB: conduction band, M ==(I]
VB: valence band, 2™ T




Organic Solar Cells
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« Organic molecules
— D-A heterojunction
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Organic Solar Celis

@ Organic Solar Cells
- Cheap, efficient
— Improved stability
- Transparent, flexible, colorful
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Principles of Solar Cells
* Dye-Sensitized Solar cells (0SSC]

r




Principles of Solar Cells

2% :dve
O : semiconductor
: electrolyte

Ru Dve (sensitizer)/Ti0,

HO. .

’/,N[‘,S

HCS

EoeN

wo- =0

S -85 +e

Redox couple : 3I- < I~ + 2¢-



Principles of Solar Cells

s Oye-sensitized solar cells [SSC)
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Photoelectrode
(semi-conductor)

Counter electrode




Performance of Solar Cells

% Typical J-V curve of solar cell
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Characteristics of DSSC

— promising candidates for renewable clean energy source

Low Costs : 1/3 ~1/5 of conventional Si S/C
Green Technology: non-toxic mater.
Transparent: Power window, smart window
Coloration: Rainbow cell
Flexibility: Flexible Battery & Device

-




Roles of Electrolvtes

" Hectrolytes: Y
* |- and |3 conductor
« nterfacial contactor for dye
» electron barrier or hole conductor
» electrochemical reaction media
\ » mechanical separator

Contact of electrolyte with dves:




Why Polymer Electrolyte DSSC ?

% Cheap (1/5 of Silicone solar celll
Environmentally friend.

% Thin, Flexible, light

% Higher durability using solid or gel type solar cell

i World-wide great attention very recently



Research Trends in PE-SC
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Polymer Electrolytes Review - 1

® Title: Dye—sensitized nanocrystalline solar cells employing a
polymer electrolyte

@ Authors: De Paoli et al. [Brazil)

® Agv. Mater 2001, 13, 826.
/ \ Fdoped $n0, 4— ;" ":.:"‘: S byendices
== Epychlomer(1.3Ml/Nal/l, 2
= High efficiency st [
2.6 % at 10mW/en? e
» Successtul penetration el e T bmechainy
- gue to nature and viscosity e B Giasaimuiaugy
\_ of polymer electrolyies g b




Polymer Electrolytes Review — 2

@ Title: Binary polyethylene oxide/titania solid—state redox
electrolyte for highly efficient nanocrystalline Ti0,
photoelectrochemical cells

@ Authors: Stergiopoulos, T. et al [Greecel
® Nano Letter, 2002, 2, 1259.

HIGHUGHTS

” )
= PEOLZMI/TIO LIV,

» Regiiced crystallinity
= fnhanced the mobility of FA;
» gutstanding efficiency (4.2%/

. 4




Polymer Electrolytes Review — 3

@ Title: Flexible, Dve—-Sensitized Nanocrystalline Solar Cells
Employing Biocatalytically Synthesized Polymeric Electrolytes

® Author: Rajesh Kumar et al. (University of Massachusetts]
® Chem. Mater. 2004, 16, 4841.

HIGHUGHTS
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= PEGylated polvmers 4

- 1%%%,%,0}1
= Biocatalvtic abproach

~Novozyme catalyzed reaction | Wwﬂ&/\ Mrm;c

outstanding efficiency (4.6 %}/

{:DEH CH?l:'C-H e CH




Other Polymer Electrolytes

[1]. Y. Ren et al. “Application of polymer electrolytes in
dye-sensitized photoelectrochemical cells’, So/ar £nergy Materials Solar
Lells, 2002, 71, Z255.

[2] 0. A. lleperuma, “Dye-sensitised photoelectrochemical solar cells with
Dulyga%ylunltnle based solid polymer electrolytes”, fHectrochiimica Acita, 2002,
47, 7

[3] J. Kang, ‘Polymer electrolytes from PEDO and novel quaternary ammonium
jodides for dve-sensitized solar cells, Hectrochimica Acta, 2003, 48, Z487.

[4] G. Wang, “Gel polymer electrolytes based on polyacrylonitrile and a novel
guaternary ammonium salt for dve-sensitized solar cells’, Materials Research
Budletin, 2004, 39, 2113.

[5] W. Li, “A novel polymer guaternary ammonium iodide and application in
%?g—?ggd;state dve-sensitized solar cells’, £ Photochem. Photobio. A- Chem.

[6] J. Wu, “‘Gel polymer electrolyte based on polylacrylonitrile—-co-styrene) and a
novel organic iodide salt for quasi-solid state dye-sensitized solar cell’,
Hectrochimica Acta, 2006, 51, 4245.




Why Low Efficiency 2

Average pore diameter = 16.5 nm

Surface area=76.9 m’/g FE_SEM image Of
Ti0, electrode

Pore Volume {cm’/g)

FEO [%=1,DDD,DDD]
d =126 nm

10

Pore Diameter {nm)



Why Low Efficiency 2

Rg = C-Mw0'5i0'1 [(nm}

/" @ Polviethvlene oxide) (PED)
¢=0063(in diluted solution) s
¢=0.042 (in molten state)

® txample: FEQ (Mw=1,000,000]
R,= 63 nm lin diluted solution] > Ti0, pore Size
\_ = 42mminmoltenstate] ) (~165 nm}

- Poor penetration
- Low conductivity




FE-SEM Images - Size balance

M,~1K M,~0.6K #,~8K
[R;=2.0 nm] [R;=4.3 nm]

#,~100K
[R;=6.3 nm] [R;=19.9 nm] [R;=48.8 nm]




15.8kV ®xl@

Low Mw PES 7=125%

- better penetration
— high conductivity
— poor mechanical property

=364 %




Oligomer Approach  Foimimriar™”

g - Olfigomer - Mw ~ 1000, liguid (R, < 3 nm] A

 JO enfarge the interfacial contact area
between aves and electrolyte
 JO improve the jonic conguctivity

\_ J
(]U_I'il'l_g Drt_enaration after preparation
liquid oligomer ) [solid polymer )

A
i sity solidification

during solvent evaporation



HB Polvmer Electrolytes

= PEO + Silica Nanoparticles
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Quadruple HB Polvmer (QHBP)

Design of Electrolytes PEG- 1-0009/mol

polyethylene gly col!
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Cell Performance

Energy Conversion Efficiency

V,.: 057V
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FF-62 %
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/—V curves of DSSCs using QHBP/MPII electrolvte



S0lid State DSSC

Power window

D Large area (20x20 cm?)




Resuits about Solar Cells

Solid organic solar cell

2.6 % at 0.1 sun and 1.6 % at 1 sun
by de Pauli group: Agv. Mater. 2001, 13, 826

4.2 % at 0.65 sun
by Stergiopoulos group: ¥ano [etters 2002, 2, 1259

8.1 % at 0.1 sun
4.5 % at 1 sun

The Highest values 1 Adv. Mater, Chem. Commun. J. Phys. Chem.
Prof. Kang at Hanyang Univ. / (2004, 2005, 2006)
Prof. Kim at Yonsei Univ. Press & Broadcasting (2004]




One_SteD Syl'ltheSiS Prof. Kim at Yonsei Univ.

Pristine Polymer QHBP
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Recent Research Trends

1. Nanocrystalline Oxides
Surface Modification
Morphology Modification (nanorod...)
Bilayer Structure \
Ti102, SnO2, ZnO, Nb20s......

2. Electrolytes
High Boliling Point & Low Viscous Sovent
Polymer Electrolyte
Solid State (including p-type conductors)
Room Temp. Molten Salt

Higher
Efficiency !

3. Dye Molecules
Modification of Ruthenium Complexes
Organic Dye, Inorganic Dye
Natural Products

4. Basic Researches
Electron Transport Mechanism
IMPS, IMVS, EIS, Random Walk etc.



Current Issues

ﬁ Understanding electron dvnamics in DSSCs \

2. Electrolyte evaporation and dedradation
— Quasi or solid state DSSCs
3. New sensitizers (dve or guantum dot)
4. Recombination in the oxide laver
- Preparation of the second oxide layer for passivation
b. Flexible DSSCs
6. Increasing efficiency and performance

&.ong—term performance j




