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Approximate frequencies, Hz
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History of solar cell

No.1 solar cell

Conventional PV Cell

-
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Phys. Today. 2007, 3, 37



No.2 solar cell--GaAs

Advantage
1.photo absorption
2.low cost
3.made easily
Disadvantage
1.defect-----Staebler-Wronski effect

4 IT%{%%I%;? chzb 42 2 4 (light-induced instability)
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No0.3 Dye Sensitized Solar Cell

1.Light adsorption
2.Charge separation
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Quantum Dots Sensitized Solar Cell
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UV Visible Spectra

d TiO, film: absorption from 16
370 nm due to the 3.2-eV 00
band gap ] . Spectrum of Solar Radiance
red- 12 -

1000 +

shift to_ 430 nm, related to the
mixing between N 2p and O
2p states.

Q InN/TiO, film: a broad
band absorption in 390 ~ 800
nm, resulted from

polycrystalline InN films 4
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Black dye: Nazeeruddin, M. K.; Pechy, P.; Graetzel, M. Chem. Comm., 18 1705, (1997)
N-doped TiO,: Asahi, R.; Morikawa, T.; Ohwaki, T.; Aoki, K.; Taga, Y. Science, 293, 269 (2001)
Solar spectrum: Lawrence Berkeley National Laboratory, Environment Energy Technology Division, http://eetd.lbl.gov



- ~ Quantum Simulations of Solar Energy
(InN),/OY(O)O/TIO, (Y=B and P)

1. Adsorption Configurations and Reactions of X(OH),

[X= B, P] on TiO, Surface
-InN/OY(0)O/TiO, (Y=B and P)

2. InN/Linker/TiO, related calculations

-An anchoring group, linker, between two nanoparticles, plays a critical
role in their physical as well as electronic connections

3. Adsorption and Reaction of H,O, and H,S on TiO,

Surface

-Hydrogen peroxide is a potential TiO, hydroxylation agent
-Hydrogen sulfide is an efficient precursor for metal sulfide thin-film
preparation.



VASP

 Total energies have been calculated by using
ultrasoft pseudopotentials. The exchange-
correlation function was GGA of the PW91
formulation.

« Monkhorst-Pack k-point 6x6x1 and 600eV
cutoff energy.

e Vacuum space: 15A
Adsorption energy in kcal/mol

AEad = - [Eproducts - Ereactants]
= -[E(surface + adsorbate) - Esurface - Eadsorbate]



Experimental and calculated lattice parameters (A) of TiO.,,.

Anatase (101) Rutile (110)
this experimental theoretical this | experiment theoretical

work work al
3.882

3.785 3.782 (3.785) 4.593 4.594 4.640(4.595)
9.690

9.739 9. 502 (9.715) 2.933 2.958 2.988(2.959)

0.201 0.208 0.208 0.296 0.305 0.305

(0.206)
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TiO, (101) anatase
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H,0-T15.-up(a)

14.0 12.3

H,0-0 -down(a)

2.3

Hy0-0s-down-2(a)

H;0-0;.-para(a)

1.0 0.7

Adsorption energy (Eads) - E{st = _[Ea‘o.fni — (Esfab + Emm’ec.‘ufe )]



Testing with H,O adsorption
-Anatase (101) Surface

H,0-Tis.(a) l 2 l H,0-Tis -pararight(a) 1C 5 H,0-Tis.-paraleft(a) 1 5 7

Hffx; On rutile surface
&
ﬂs' ® 14.8~17.1 kcal/mol
*"-'.'- ;Q. o On anatase surface
H;o-ogc-?:\rxg;’ 1.9 16.6 ~17.1 keal/mol

Herman, G S.: Dohnalek. Z.: Ruzycki. N.: Diebold. U. J. Phiys. Chem. B 2003,
107, 2788.
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z P& -120 Lo i
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= N
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-17.2 ¢

binding is very strong
when compare with
HOP(O)O<Ti, and is a
good linker for InN
and TiO.,.

»Neighboring H(a) enhances adsorption energies




42.7
19.6 OP(OH)O + 2H-Oy(a) GPH(OH)O+
‘_ H-Opa)
TS314.0
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Adsorption Energy
(kcal/mol):
Ti-OP(OH)O-Ti(a)
=45.9
Ti-OPH(OH)O-Ti(a)

=90.5

> Ti-OB(OH)O-Ti adsorbates can be employed as strong linkers between semiconductor

quantum dots such as InN and TiO2 nanoparticles.



PES of H,O, on TiO,-rutile (110) Surface

H,05(g) + TiO,-rutile (110) surface
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PES of H,S on TiO,-rutile (110) Surface
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Hydrogen effect
- adsorption energy

Table 3-3(c) Adsorption Energies (kcal/mol) for some Species E1lcul1teﬂ at the PW91 ]_.E"i. el

Species Withont Hv rlrngen Effect 3 on Effect:
Rutile/Tis ON(0)O-Tis. H-Ox (a) | 12.0 58.7 it’:}E.Q
Anatase/ Ti-ON(OVON{OV0O-Tis(a) | 6.6 26.7

L H2S5-Ti:.(a) 126 93
HS-Tis.(a) 12.2 42 4
H>O-Tis.(a) 19.9 16.8
HO-Tisd(a) 20.7 773
Ti5-OB(OH)O-Tis.(a)" 53.8 1346

EThe adsorption surface 15 considered with one hydrogen adsorbed on the O-, site.
E.a= - [Brota — (Balab it Ewolecule)]

FHlmag W.F.ChenH. T. and Lin M.C.

“Raghunath P. and Lin M.C.

The adsorption energy 1s considered with two hyvdrogen adsorbed on the O;, site.

Hydrogen effect is more
significant in radical molecule
than non-radical molecule.



o, OH group
\ i Bridge-site O
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Table 1. Calculated Adsorption Energies with Different Distances
between Oz and OH Using P(1x8) Unit Cell

distances (A) 3.32 4.93 7.48 10.22
adsorption energies (eV) 0.82 0.69 0.65 0.62

Liu, L. M. et al. 3. Am. Chem. Soc.; 2006; 128; 4017.



Adsorption Eneries (eV)
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Strategy:
(InN), absorbed on YO,-TiO, surfaces, Y=B, P

E.q= 56.9 kcal/mol E.q Of INN= 69.2 kcal/mol
(29.2 for -OP(0)0O-) (52.4)

E.q Of INN= 72.8 kcal/mol e g 'S ad of InN= 79.9 kcal/mol
(56.2) (64.9)




E_q Of INN= 97.2 kcal/mol E,qOf INN= 104.1 kcal/mol
(92.1) (96.9)



(InN), x=0~10
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» The presence of the —OB(0O)O- density of state localizes slightly above the upper edge of the
valence band.



Table for Bader Charge Analyses for (InN)x-OY(O)O-TiO, anatase surface, Y=B, P

y Ti OB(0)O  (InN)x Ti OP(O)O  (InN)x
2.46, 2.46 2.46, 2.46

0 247,253  -0.49 252,252  -0.69

1 252,252  -2.08 1.3 249,249  -1.09 0.96
2 252,252  -197 213 250,250  -1.06 1.61
3 252,252  -1.84 1.07 250,250  -1.02 0.79
6 252,252  -1.99 200 250,250  -1.07 1.09
10 252,252  -2.56 241 249,249  -0.97 1.05




Conclusions:

By analyzing the density of states (DOS), the presence of the —
OB(O)O- density of state localizes slightly above the upper edge
of the valence band, while the —OP(O)O- density of state
localizes below the upper edge of the valence band.

We also found that the overlap of the (InN), states and the —
OB(O)O- states in the valence band, which facilitating the
electron transfer between InN and TiO, surface, is more
significant than that of the (InN), states and the —OY(O)O- states.

The Bader charge analyses show that the more electron density
(1.5~2.0 e) is transferred from InN to the —OB(O)O- linker, but
less (~0.4 e) is transferred to the —OP(O)O- linker.



HOOC/R\SH

R= O , CHa, (CHy)x

The other idea linker molecules:




The other idea on doped TIO,
1. Nonmetal-doped TiO,, substituting oxygen with B,
N, P, S or F to enhance its photocatalytic activity.

Application to InN-linkers-nonmetal-doped TiO.,.
Physical Review B, 2007, 195201 and JPCC, 2007, on website.

(a) (b)

substitutional B atom to O interstitial B in TiO, cell substitutional B atom to Ti

2. Metal-doped TiO,, substituting Ti with Cr, Fe, V....
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