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Affected Enhance of Dye-Sensitized Solar Cells Using Silver Nanoparticle
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Absgract: In this study, e-beam equipment was used to form silver nanoparticles on thin films of TiO, to increase the
efficiency of dye-sensitized solar cells and improve the annealing process. TiO, thin films with nanoparticle

photoelectrodes were fabricated in individual units for

use in dye-sensitized solar cells. The characteristics of

dye-sensitized solar cells were compared to those of the prepared TiO, photoelectrode with and without nanoparticles.
The dye-sensitized solar cells with silver nanoparticles showed a significant increase in the electric current density
compared with the pure TiO, dye-sensitized solar cell and improved the solar conversion efficiency to 27.89%. The
increased density of electric current increased the extent of light absorption of the dye owing to the plasmon resonance
of the nanoparticles at the local surfaces. This phenomenon led to increased light scattering, which in turn increased the
current density of the dye-sensitized solar cells and improved the solar conversion efficiency.
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Fig. 1. Scheme images of (a) TiO, coated on FTO, (b) silver
coated on TiO, electrode, and (c) TTIP treated on silver
nanoparticles.
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2.1 Silver ==&t

AL TIO, wiato] Silver U RIS FAskuAt
AAF-Y 54 AUl ol 83toc). Silver ZA A] A

o] Al2=- 1X10°° Torr o|5te QK5I 2 5191,
Z2AF Hgl 0.5 A-sec? SX|5IUCE Ag £5 T
£ 70 Aoz mE yZo 593 SA= Fxs)

ofde AL MYsteirt. ofdy emi 450CE A
PRI, AIZHS 30 sec2 sfof s

2.2 TiO, 22 &4 ¥ Ho|2E M=

2 AFoA AHEE TiO; vE2 E-7 YWY E ol %
st A5t SUEA=RE  TTIP (titanium
tetra-isopropoxide, Aldrich)e} &&4E5 0] 835130
, HCl (hydrochloric acid, Aldrich)2 ZujzA],
TBAOH (tetrabutylammonium hydroxide, Aldrich)
= Eujo} A2 Abgshoirt.

oM 1 L9 &5240] 147 mle] TTIPS #Arista
50°C2 dAst W25 AREste 300 rpmoflA| 14]
boEet wRbSHRI A, 1A)RE & 0.05 Me] HClat
0.0025 M9] TBAOHZ HA7}sto] 45A]17F S99t =3ats}
AFot. H AL 120°Ce F7] ZH7I0NA 28417t
&9 AR5t TiO, 232 At

-

AR4SH HFAAY ¥ A P TiO, B
2 gt &84 7 ml, £8A|Q AA (acetylacetone,

aldrich) 0.68 ml ¥ 8}QI§Ql HPC (hydroxypropyl
cellulose, Aldrich) 0.6 g& A}23}91 HHo]AE ol
A(PDM-300, DAE HWA TECH, Korea)Z ©]|&3}9
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TiO, ¥tar2 solaronix®] N719 [Ruthenizer 535 bis-
TBA, cis-diisothiocyanato-bis (2,2 -bipyridyl-4,4"-
dicarboxylato) ruthenium (II) bis (Tetrabutyl
ammonium)] €85 of&2 &0ujo] 0.5 mMZ AX
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S Z(Pt catalysts sol, Solaronix)
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Fig. 2. FE-SEM images of (a) Ag nanoparticle on FTO, (b)
Ag nanoparticle on TiO, depending on the annealing, and (c)
EDX analysis of the Ag nanoparticles on TiO..
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Fig. 3. Absorption spectrum of TiOJ/dye and TiOJ/Ag 70/dye films.
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Fig. 4. Photocurrent density-voltage (JV) curves of the TiO;
DSSC and Ag nanoparticles with DSSCs.

Table 1. Photovoltai parameters of TiO, and silver nanoparticles
with DSSC.

Voc Jsc FF Efficiency
Sample »
(V) (mA-cm®) (%) (%)
TiO, 0.707 15.35 56.48 6.13
TiO,+Ag 0.707 19.94 53.17 7.50
TiO,+Ag+TTIP 0.727 22.42 48.14 7.84
mA - e, fill factor 48.14%, 34X H3F g8 7.84%=

BRI TiOy+Ag+ TTIP AZo 44 ¥Mgh 5882
TiO; ABZo] wvlsl °oF 27.89%2] 5715 HItt. TiO,,
TiO,+ Ag ¥ TiO, + Ag + TTIPO] tst dz7r2sl Ej
AR A W 52 47 6.13%,
7.84% 2 EFICE
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Fig. 5. Electrochemical impedance spectroscopy of TiO, DSSC

and Ag nanoparticle with DSSCs.

Table 2. Electrochemical impedance spectroscopy parameters of
TiO, DSSC and Ag nanoparticle with DSSCs.

Sample Rs (L) R (L) R (L)
TiO, 13.87 16.16 3251
TiOx+Ag 13.68 16.08 29.12
TiO+Ag+TTIP 13.71 16.23 28.35
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Fig. 6. Charge capabilities of electron in TiO, DSSC and Ag

nanoparticle with DSSCs. (a) electron transport time and (b)

electron recombination time.

Table 3. Charge capability parameters of TiO, DSSC and Ag
nanoparticle with DSSCs.

Sample Transport time (ms) Recombination time (ms)
TiO, 1.41x10° 1.92x10°
TiO+Ag 1.33x10° 2.07x10%
TiO,+Ag+TTIP 1.22x10° 2.82x10%
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