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solar radiation falling on the earth
1.2 x 10 kW (10,000 times consumption)

.......

Total global ene
Consumption 1.0 x 1(
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Conversion of Licnht into Electricity

How does It work?

1. Light Absorption
2. Charge Separation
3. Charge Collection



(@ Type of solar cell
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Inorganic pn Dye-Sensitized Conjugated Polymer
Junction Solar Cell Solar Cell Solar Cell
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A- Homo  h*
Eve T
HOMO
Redox
n-type p-type Dye-adsorbed electrolyte
semiconductor semiconductor n-type Anode Electron Hole Cathode
semiconductor Metal acceptor acceptor
Si, CIS, CdTe Dye-TiO; C60, Polymers
Efficiency: very high Efficiency: high Efficiency: low

Cost: very high Cost: low Cost: low




Materials for DSSC

Nanocrystalline
Oxides

Redox Couple
& Hole Conduxtors

Counter
Electrode

Transparent Conductive
Materials




Pt-coated glass
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Dye/TiO, layer
(10 - 15 um)

TCO

inter-connection




TiO2/liquid junction TiO2/Dye/liquid junction
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How to increase amount of dye — by increase of
surface area

. 6 cm?
1cm
1cm Nanotechnology

0.5'”" . 12 cm?

-5 1.5 cm? '
0.5 cm
0.25&
0.25 cm x 8 x8 0.375/cell x 64 = 24 cm?2
0.25 cm

Surface area = (1/2)** x 6 x (8)2!
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kAPode:

ple |
D+ hy — D* absorption
D* — D* + e (Ti10O,) injection
2D* + 31" — 2D + I3 regeneration

Cathode:
;" + 2e” (Pt) — 31

Cell:
e’(Pt) + hv — e (TIO,)
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Ion transport in Redox electrolyte

Total reaction: 2-electron reaction
3" & 15+ 2¢

Successive reaction

(<> | +e)X2 charge-transfer reaction
21 1, fast chemical reaction
L+l | fast chemical reaction

* Two fast reactions are in equilibrium

Mass action law
n(x) = Ky nig-4(x) n_ ()

J. Ferber et al., Solar Energy Materials and Solar Cells, 53, (1998) 29




ol BR/XIE RAIAIPI=A?

f=
T

uhy8094

ATXT H2XE HS5t=20
I ATA S HRAXNE FAMZILIE?

4 T0P

HEE TN 2IT=EEISLICEH
JITEE T 3 M HAXE HS SUNAAZTE SHELICH
JITEH Het £ S FSELICH

16 2.0
AF(Aa)

TEH. J2H. 2 HEZE JAH H2M 3128 Br=EC0H
& CHE 71 JEDIE HEHE HSAIZISM HE D82 2rE £361 28 ChE J =2+ 20| =L

O] HH HEPHH LIEH B2 S22 &8I =8 M JA2 5 5 A0I2 3 21A0112, 0121 E S8 2
CHF B E0ISED BHCH

2H EE= JFIH SO [k S B 20l HOH = OlF= 882 IHEH X HZ2H0 20 01 A
ZHH 2JEF M EF 25 20iLE| [ Z20ICH

#l JeHZEMA BE2] 2271 ZAE LD Sl= AEHS LIEHHE, 0] A2HE TAE LS JE0ietd
EHCH

M B8 E &t 2 25 20LE 20| L 2= 2010

OIZ0I BA 2N 2= AEE IS HZ0IcD $H0E JHZHAMN B87H02 22 IS HEHH 2IEt
25 E, 012 MEE JAIZ 2ITH0I2k] BT

JHEHAM HEE AT VED e 12 TEF B 20| 32 2IEHEXOIC

I

olB

=

g,-l

=

19

ré

4
A

r

V=E—1Ir




Fill Factor

Vma VOC

_ Poutput

- Pinput

— \Jmameaxﬁ)inpUt

= JVeFY
inpu




TiO,

Anatase, Rutile, Brookite

SnO,, Zn0 ...
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Voltage (V)
Voe (V) | Jsc (MA/CmM?) | FF (%) | n (%)
200°C | 0.733 13.5 629 | 6.24
220°C | 0.729 15.1 634 | 6.97
240°C | 0.739 12.9 611 | 5.82
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surface

—e— Rutile (11.5 um)

Current density (mA/cm?)
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N.-G. Park, et. al, J. Phys. Chem. B, 104, 8989 (2000): citation 65




Network Geometry vs Electron Transport

M 52 % porosity
A 54 % porosity
10 o V 62 % porosity /
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Benkstein, K. D.; Kopidakis, N.; van de Lagemaat, J.; Frank, A. J.; J. Phys. Chem. B. 107 (2003) 7759
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* Diffusion coefficient D increases and recombination rate decreases with
the increase of the particle size from 14 nm to 19 nm and up to 32 nm.

Nakade, S & Yanagida, S. et al;J. Phys. Chem. B. ; 2003; 107(33); 8607-8611




Binary particle mixtures
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Matt Law, Lori E. Greene, Justin C. Johnson, Richard Saykally, Peidong Yang
Nature Materials 4, 455-459 (01 Jun 2005)

injection: mid-IR transient

np: nanoparticle, nw: nanowire
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Step-1: TiO, sol-gel transformation
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Step-2: Phase separation and domain growth

U

Step-3: Domain elongation and fibril formation
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SEM & XRD

Immersing into a 0.1M TiCl4 (

{

Intensity (a.u.)

(a): TiO2
(b) : TiCl4 treatment

R : rutile peak
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(a) : TiO2 (with liquid electrolytes)
(b) : TiO2 (with liquid gel)
(c) : TiCl4 treatment (with liquid electrolytes)
(d) : TiCl4 treatment (with gel electrolytes)

(b) : TiCl4 treatment

Deerices Vor W) Jer [ﬂLiL-"-:*m:] FF n (%a)
a 0.77 287 0.60 4.01
b 080 2.07 0.39 380
C 0.77 11.24 0.38 3.02
d 078 10.52 0.36 4 60

S¥nthetic Materials 155I 635-638 ‘ZOOSI



Vapor treatment (SEM &
TEM
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XRD & I-V curve
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Svnthetic Metals 153, 77-80 (2005
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SEM & TEM
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(a)(c): TiO2 nanofiber without vapor treatment
(b)(d): TiO2 nanofiber with vapor treatment
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Journal of Macromolecular Science, Part A : Pure and Applied Chemistry 42, 1529-1540 (2005
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1. Shrinking effect
2. poor adhesion

STL : surface treatment layer
Diluted 2 A2 (1:5 in ethanol)2 AtEZ
Spin coating (1300rpm, 10s)
Drying on the hotplate (757C)

-
»

without STL

with STL

(gi) 30 min

(e) 20 min

(f) 25 min

under various electrospinning time

== Device A

r—- - Davice B
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\ \ \ Device D|
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. P3HT + 'rio,
nanofibers
= . d-TiO, + STL
—— " FTO substrate

DSSCAE 0 2014 ERs e
R

STL2 fiber2t glass2| &

= P3HT on TiO2 nanofiber
Contact angle : 22°
= P3HT on TiO2 nanoparticle

Device A : FTO/d-TiO2/STL/P3HT/Au/Ag

Device B : FTO/d-TiO2/STL/TiO2 nanofiber/
P3HT/Au/Ag

Device C: FTO/d-TiO2/STL/TiO2 nanofiber/
N719/P3HT/Au/Ag

Device D : FTO/d-TiO2/STL/TiO2 nanofiber/
TiCl4 treatment/N719/P3HT/Au/Ag

| Phys. Lett. 93. 013102 (2008
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Surface treatment

layer
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Currentdensity (mAsm®)

(a) TiD, Alod & o ®) Ti0,Rad & I
Thick Particks Layers E Thin Pamide Layore |
e TL . 4 &
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™~ 2
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f Nl E s
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Ti0y Red Layer Only Vi, g Thick Particla Layers
%,
o2 o4 08 048 1 ° 0.2 o4 o8 [ ] 1
Voltage (V) Voltage (V)
Trdckneasz of
Zample  TiO; electiode
aumbes (e Jomaem~t Voo Wy FE RS g (%)
TI0; road layer only
Mo.l 15 13.5 Q832 409 4.58
Moz 16 14.4 0.E3I2 347 4,22
Mo.2 18 14.5 0832 335 404
A, 1518 14.2 0832 363 4.28
Ti0h, rod layer + thick particle hyer
Mol 1% 152 0830 369 498
Mo.2 14 14.7 0831 399 4.87
Mo 16 149 0.E2F 357 4.38
Ava, 1316 15.2 0830 375 4.75
TLO, rod layer 4+ thin paticle layer
Mol 1% 130 0832 479 Sl
Moz 14 130 0848 471 519
Mo 14 136 0240 508 5.80
M4 1% 134 081 448 4.88
AV, 1315 133 0834 477 5.26

Nanotechnolo

18365709 (2007
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* Angtase

20 30 &l a0 &0 Lt a
Cuka2Bideg
I-v curve & __ ¢ 10wt.% nanowif Nanowire Jse Voo FF Efficiency

E a contents (%) (mA-"cmz} V) () (%)
¢ t0wt.% nanowire 0 1211 074 063 559
il 10 1323 074 066 653
g E —— 20 1289 072 068 6.29
£ 41 b T 30 1217 073 065 577
F100wt.% nanowire A0 g9 073 0.6% 4.9(0
........ 50 1199 071 064 542

0 01 02 03 04 05 08 OF 100 506 0.74  0.64 742

Wioltaged W

Journal of Phxsics : Conference Series 61I 1112-1116 ‘2007}




Suppression of Recombination from TiO2 to Dye:

Supramolecular Approach

pico-seconds

N -

0.85 ms

Narukuni Hirata, Jean-Jacques Lagref, Dr. Emilio J. Palomares, Dr., James R. Durrant, Dr.,
M. Khaja Nazeeruddin, Dr., Michael Gratzel, Prof., Davide Di Censo, Chemistry - A
European Journal, Volume 10, Issue 3, Pages 595-602 (2004)
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