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State-of-the-art in solar cells
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Dye Sensitized Solar Cells

TCO coated

Glass (Anode) » Nanocrystalline, mesoporous

TiO, photoelectrode on TCO.

» TiO, is photosensitized with a
monolayer of dye.

» Efficient light harvesting with
| large dyed surface area:
Cathade ~ 1000 x flat film

O’Regan & Gratzel, Nature 353, 737 (1991).
Gratzel, Nature 414, 338 (2001).



Emerging alternatives to DSSCs
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Nanowires provide a direct path to the

Dye-sensitized nanowire solar cell substrate for efficient charge collection.

Increasing size of QD
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pairs per absorbed photon.
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(1) Baxter et al., Nanotechnology, 2006. (2) Law et al., Nature Mater., 2005.
(3) Nozik, Physica E, 2003. (4) Schaller et al., Phys. Rev. Lett., 2005. (5) Ellingson et al., Nano Lett., 2005.



Quantum-dot-sensitized solar cells

CdSe quantum dots

attached to ZnO nanowires
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Low temperature ZnO nanowire growth
from zinc nitrate and Methenamine solution
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Baxter, Walker, van Ommering, and Aydil, Nanotechnology 17, S304 (2006).



Control of ZnO nanowire dimensions
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CdSe quantum dots

@ “One-pot synthesis” from CdO and tri-n-
octylphosphine selenide (TOPSe) in hexadecylamine
Nitrogen J vacuum (HDA) with tri-n-octylphosphine oxide (TOPO),
@ QDs are single-crystals with diameters of 3-4 nm and
surface-coordinated with TOPO and HDA.

Tri-n-octyl
sele )
(TOH
i TOPO: o=p~
Thermocouple
HZN INNANNANANAANNN 012 —~
0.10
§ 0.08 x2
c 0.
o |—|—|
5 0.06
brd x10 P=0 stretching
2 .04} NH
<< “[stretching
S 0.02
CdSe quantum dots . 0 —
nm L L 1 L I L I L L 1

Tri-n-octylphosphine oxide (TOPQ P . .
Hexadecylamine (HDA) 4000 3500 3000 2500 2000 1500 1000

Dodecylphosphonic acid (DDPA) Wavenumber (cm-)



CdSe quantum dot size controlled by reaction time
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Replace Alkyl ligands on CdSe with X-R-Y
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CdSe quantum dots adsorbed on ZnO Nanowires




Attaching quantum dots to ZnO nanowires
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Optical absorption of CdSe QDs on ZnO nanowires
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@® QD optical absorption was preserved when QDs were attached to the
nanowires.



CdSe quantum dot sensitized solar cells
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CdSe quantum dot sensitized solar cells
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@ Internal quantum efficiency (IQE) as high as 45-58% between 500—-600 nm.

@ Power conversion efficiency limited by the LHE and available nanowire
surface area.



Summary

& CdSe quantum dots and ZnO nanowires form a new type of
QDSSC.

@ Photogenerated electrons from CdSe transferred into ZnO.

@/ ~2mAlcm? V, ~ 0.6V, FF~ 0.3 for typical QDSSCs.
IQE as high as 58%.

@® Nanowire QDSSCs may be a promising solar cell design.

» Replace liquid electrolyte.

* Increase roughness factor of nanowires.



