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Abstract: 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

AArE TiO; =fatoll Silver Ul YAMS F/dstuAt
A9 S FulE o] 85Tt Silver A A] A
o] Al2=L 1xX10°° Torr o|5te QX|Gt= 2 5191,
ZA &5 05 A-secZ §AI5IT Ag BA £
£ 70 Aos mE AZd Ut A= FASiAC
TiO, Bfal 9Jof FAE Ag 8vfare 1HS vH57] Yol
ofdy S FPstgct. o dy 25 450CE A
sec2 5tof AIadsict.

£

=

2.2 TiO, 22 &Y ¥ Ho|2E M=

= AoIA AREHE TIO, 282 £-72 ¥YS ol

st st EREAZE= TTIP (titanium
tetra-isopropoxide, Aldrich)?} £&545 o] &5l O
0, HCl (hydrochloric acid, Aldrich)2 Z0jZA],

TBAOH (tetrabutylammonium hydroxide, Aldrich)
+ E0e ZAAl 2 AMgSHAT

LA 1 LY Z5F40] 147 mle] TTIPE #F7}sti
50°0C2 e WeAS ALgste] 300 rpmolAl 14
7t Zot wubstgiy, 1A]ZF & 0.05 M9 HClu+
0.0025 M9] TBAOHE A7}sto] 4517 Z9F &35Fs}
Aot SH BAL 120°Ce F7] ZH7I0NA 28417t

St TiO, &Y

(acetylacetone,
aldrich) 0.68 ml ¥ #}eIQl HPC (hydroxypropyl
cellulose, Aldrich) 0.6 g& A}23}91 HHo]AE 4l
A(PDM-300, DAE HWA TECH, Korea)Z ©]|&3}9
1,250 rpme 2 3AIRF & &9tsto] A &St

2,

w

USUSH ENYHA| M

AAE $43 TIO, Wotah Ag 74 UAH @4
TiO, ¥tar2 solaronix®] N719 [Ruthenizer 535 bis-
TBA, cis-diisothiocyanato-bis (2,2 -bipyridyl-4,4"-
dicarboxylato) ruthenium (II) bis (Tetrabutyl
ammonium)] €8E of&2 &9 0.5 mMZ AX
g S AARE B ARXA deE At & A5
o2 AAst
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S Z(Pt catalysts sol, Solaronix)
A2 AR Al ALSR e Eols wEoR
B5to] 450°CollA] 308 =9t Ax|2]st

R AR IS MEYA] mofos &
Atolof I'/1379] 4tst/gtd Fo= 3-MPN
(3-methoxy propionitrile, 99%, WaKo) 10 ml -80fof] Lil
(Lithium iodide, 99.9%, Aldrich), I, (lodine, 99.99%,
Aldrich), DMPII (1,2-dimethyl-3-n-propylimidazolium
iodide, Solaronix) % 4-TBP (4-tert-butyl pyridine,
Aldrich)g Z¥7F 0.5, 0.05, 0.6 & 0.5 M9] H|&=Z 12
AIRE &QF wutsto] &ajA|zl AsiAs FUsto] A&
s HIRA &9 A2 AAstA

2.4 B4 uhy

TiO, Hiat 9ol |4 Ag #3939 I8 S &
AR A} 0] 74(S-4700, Hitachi, Japan)g £3f &A%

olct.

TIO, Wt glo] W Ag 7 BHaE AT Agel
B3R e BA5] Yl B4 X-ray spectroscopy
(EDX, S-4700, Hitachi, Japan)S o|23}9ict

MZco] Uy-71x] &2 AmES ooty r] 95
UV-vis-NIR spectrophotometer (Cary 5000, Varian)
< o|gslyr),

AstE AR BFHAL WRATS WA
Q5o WA EAZ|(ZAHNER IM6, Germany)S
ol g5tel e 10710° Hzo) Zups go]
A 5 mve AEo= 54519

AR22Y PRI FAL AL AR FAL AL
AlZFe Z¥7F IMPS (intensity-modulated photocurrent
spectroscopy, Ivium Technologies, Netherlands)?} IMVS
(intensity-modulated photocurrent spectroscopy, Ivium
Technologies, Netherlands)2 ZA3I3CH AAEUSE

= XARubY clo] © £(465 nm)Z o] {35h Balshd u)
Hoz 10% ZEHoHsoA 10°~10" Hzo] Fu
d2RE x71o2 £X5I90on AASH A|7FS ZErAQt

F2A3l014 S75I5

dEus HUAl WA &

AR E(w), 3A(FF) 2 G4 ¥ & (n)‘—’l é’ﬂ%
1,000 W Xenon %39} AM 1.5G ZE7} A&E &at
Al&2o]l8 A]AE(Polaronix K300, McScience, Korea)<

AHgsto] A7gstaict.
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TiO; 9at 9ol Ag U AAFe] 3/, YA F7]
9 aAtgyoitt J% 2% Ag-TiO, ¥Heto] FE-SEM
o|O]X|e} EDX &7 ZAxtg UEHUACH 1™ 2(a)=
FTO 9o Ag Yk JAF A4 ehate] m@ olnjx|o]
o Ag Uk dA= o AlFol 50 nmE UERR
I 2(b)= TIO; ol AgE FAMA7]1 oEdd st &
graro]l m§ olojx]o|ct,
o|n]x]%} TiO.eF AgZt ATEEA] Q17| wFo] AA
Ag Uk AAFE B FFE LAst AT FEhE w4
AAlsEATEH T 2(c)e] EDX AME-A TiO,
AFo] Ag U JAPF FAEERSS st &
At 27E A, o] AMERA Ti peak, O
peak, ¥ Ag peak’} UEIHTH o]72 Ag Uk UAt
7} TiO, ¥t} 9ol F/dd& AlAIRITH Ag Ui YA}
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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 TiO»/dye and TiOy/Ag 70/dye films.
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TiO, ureh 9jo] Ag U At F4 AMERS
GotH uAL UV-vis 54 AHERS F4stich. 19
dral

32 d=(N719) T102+dye TiO;+Ag 70+ dye ¥tol
2 Uepdth N719 9
30 nm F2oJA ZHAIG
LERACE. TiO, + Ag 70 +
dye 54 © TiOz +dye 22| 54 mI WG =
A UEPGS. Ag Ul UAMS 2 AlgoflA oy
o2 oSateith. TiO, Yol FHE Ag U= YAHSo]
28 0] AgQl ZA3gIsto] pentamers, hexamers %
heptamersE F/dstH YA 1 A7t Ao T2t
Zglx® 39 malo] oAl ®og olZslA =t
9] =3 % & AAfshe we| mp
g0l WA Sepol Fak 2R O Ag L ARt
g AR1EE SAAIRIG [10].
FHo ot ARG d' #
Aol g 5 E%% R FEAIZ Zlojn] o= Ag
U O‘KP} Fd F8U3PE HIDXOAN 57T =
AHRE VLY 02 A
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Fig. 4. Photocurrent density-voltage (J-V) 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 2
(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 - cm, fill factor 48.14%, L& Wg &8 7.84%=
LFERT. TiO,+Ag+TTIP AlZo] #d wHE 588
TiO, AZof vlaf oF 27.89%9] Z712 WiTh
TiO, + Ag & TiO,+Ag+ TTIPo] tfst A87HSd Hj
AR FR WY se2 A7 6.13%, 7
7.84% =2 ERGT

Ag Uk ARPT PO AAd daded
AR duEa 54 ZAus 1Y 59
EIS umpetolele & 20] Qofsto] UEpQlth. ARHA
oz Uo]HAE(Nyquist) Aeoie= A=rd 7|H
HAG F= 9= T=(Rs), Pt U= sl
Atolof st o] &Ry R F A=5/F=/AEHAE Ato]e
AW AFRo)e YERAT [11].

 doME & As/d=/d8E A d
5t o]&at AH LSPRo| tigh <ol 282 %5
tHRy). A Ry TiO, Aa-SH EIGAA0| Hls)
TiOz + Ag Fed&d EHFAA7E & A
E3H TiO, + Ag+ TTIP da7-3d ElYH A9
7 o Sotds #lstdt. o= LSPR aatvt &4

g Argez Qs daoA w2 AR A8/dE
TiO, A=tz olsgol T2t Fedsd EHYIA
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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 (Q) R, () R, (Q)
TiO, 13.87 16.16 32.51
TiO,+Ag 13.68 16.08 29.12
TiO,+Ag+TTIP 13.71 16.23 28.35

ARUEI} kobiol wat we R, NS terd 2
olth. 3 TiO, +Ag BEUSY EIFAAY A4S B
5% glo] ARl wEEol Metz ols) FshUel
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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° 1.92x107
TiO, +Ag 1.33%x103 2.07x107
TiO,+Ag+ TTIP 1.22x103 2.82x107

RAe] o] Fo] A™sHA] Zoll AR Fadsd HY

Axe] 32 45 2 st
4.8 E
2 ApodE deyed HYRA A% FAe
i = YRS Pt
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