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Abstract : A comparison of photo-efficiency on dye-sensitized solar cells (DSCs) assembled by using TiO, materials with diffe-
rent structures and crystallite sizes were investigated in this study. The size and structure of TiO, have been controlled by pHs and
calcination temperatures using solvothermal and sol-gel methods, respectively. Six types of TiO, samples are obtained; 8.9, 12.8,
and 20.2 nm sized TiO; particles, and the other types using sol-gel method were anatase-rutile mixtures on the structure. The high-
est photo-efficiency which is remarkable result reached to 8.6% over DSC assembled by anatase TiO, with 20.2 nm particle size.
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eepalo] v BE FHE 74A 3 gk DSC
Aol s A= Gk ARl go] x
1Hg AF8ste] TRy FEjY HPHARE WE
2. @A ABE I g AeE gt g
2ok 2ol A3t el HAG Wobd FHiR

.M &

A R27H-2 E oA x| (dye-sensitized solar cells, DSCs)= ©]
n] Ad-g-3to] g3 A HSFAxY @A AT F /71

= N

PN

* To whom correspondence should be addressed.

>

s

rﬁ-w;lmm
— 0 M o
o 4 8=

o,

o=

E-mail: mskang@ynu.ac.kr of eFHRY A S E A WAL o=
doi:10.7464/ksct.2013.19.1.022 Hot ol 27 A g e o]FolAE ¢

22

o

30,
i



TiOs thie Q17}e) 2719k A4 Ta7k QRIS F BPAL B Egol n)HE 9 23

4 2ol BFEE ALBHONE FEAA 2 4 oItk
S ofelof Al S A7 EoF ol AHHOR wEu o

A 7B olReld fY1BHPHAE 1 7
o st E]7] 4ek3) MPE DSC o Alzh
of glojm FAE ATl WHd % ey

= Ao| 1A+
a2 = DSC ©9] Aloj A
o] m&-e oF 12%7HA] WEE I 312 [4], 5x5 cm’ HES]

X Ho
)
rr
(@)}
X
=)
=)
1o
fto
i
o
=
K
3:0
=
.’;".

it
iC)
r
:“‘,:
o2

7 @A 25%01] ot ags Hole A [6] J% HIJLOW
© 885 Eol= Aol

DSC9] 7|2 =] Lz = Z5H F(working electrode), 213
ZA(electrolyte), 18] 11 AFd] A =H(counter electrode) o Z 1A
wo] SIeh7). A5 A A EE MEAL o8 R} o
Lo AR £ T0E FUsHA M8 9k DSCY
NE Yol ot 2ot TO, AAel HAE Gst 0
3lo] A7 EEc) O A= Tio, YA AEo2 o)
}o ErH A =(transparent conductive oxide, TCO)O. 2 9]
sl QAL wel At A2 o7 AEr 52 "ok a8
0]7] $Is)4 DSCo) 25 HWOM o 4 glol %
o= A TiO, YAE e8] B chEA

Al9) Azl Aue wol FHEA —amb} S &

s A 4 oA she Aol o] B 4 ok shAlk,
A7k AT Aow, st B o 140 gaz Akt 4
7 Aol Yol m&o| WA ARFH0] EEHo|X
SoHA ETH10]. 3k, FEF(rutile) AT 2E 2= Ti0.9]
749~ 1 7+A0] 3.00 eVE O}L}E}A|(anatase) 2 EE] 491 3.21
eVoll vl 27| wfiZell, At} g 7+o] AAdte] 4¢A <
sl s Ao Qo] H = QIrHll]. HPE‘ FELZEA
o] H|go] 2o HA| YFofA U] Algto] ofsA a&-0]

4

N

i

Of

Ol

o

JU
mlo

A 2 lo ol oft oo
3

jinss

k

-
o

o3y A= dHA uii12].

2 Aol A= DSCY A8 d F A AR FEEka
Q= 3} A TO; e abe] 7)o} AYTzo] w2 P
G888 v Wz} slgth &AWL 0]R3Fte] Ao LY o)
IO 24 22 Feisle] A4727 0hE A 7H) A4S
2 I3, & d(solvothermal method)S ©]-8-3lo] &1HH-&

AL O

sjo] pHE 2ste] A 74A19] B2 Y2719 TiO; Al
ouf o5& DSCO| ¥ AT wurad R Attt

e

2.4 ¢

2.1. &0l o5t Chyst AHTEO| TO, BHY

=
ofgh-& 200 mLo|| E|ElE o]A LR T AMSHE(titanium tetra-

isopropoxide, TTIP, Junsei) 0.50 molE& & 7}3F & ZFH 4 36

£ HHs] H7hsklet. A4 ARt Fet wytsto] E3h-g-of
S AFUSHA THE £ 60 T 2moflA SujdES AAsH
th 50 CTo Az7]oA 24A1F A2AZ F ol MES
Al M2 Y=o} 2z 500 T, 600 C, 800 Col|A] 3417+ &<t
48kl
2.2. ZoiE ol st Chdst 27|12 TiO, g

o Eh-& 200 mLo|| ZF4= 36 mLE &35t & pH 3, 7, 119]
A ZAHacetic acid, Junsei 99.7%)3 XU o} 4=(ammonia
water, Duksan 30%)E 2713t & E|eHg ©o|AZZ TASHE (.50
mol& A A3 A7lsich AA A)7F 59 wulsle] E5kg-o1e
FAHA TE B 12 39MES 7o E8- M-S WolA] 200
To Al 8AIZE &2t & by
AR WO T2HE o Q= H-/F%J—} ] 1_% A4S AA
a7] gla) 2Re AH 5
A AT

23. 0= Y E

AE ZF TiO, B0 P42 T A 1|7 (transmission
electron microscopy, TEM, H-7600, Hitachi)& o]-&3}o] a5}
Rom, Hee] AR 28 A7= XA 3 247](Xray
diffraction, XRD, D/MAX-1200, Rigaku)& A}-3lo] 443514
o} AAAF BAo] A ubat 15406 A 9] CuKa 238 o] &3}
o] 40 kV, 100 mA 2] ZZAo| A 2 Theta 10-80° H|= HEA35}4
of ARGt A7) Wste] uhg =t Wage Ao
© A7 237 (Cary 500)2} 33 2gA| (photolumi-
nescence, PL, LabRam HR) AHE &G 0|83l SA35} Tt

2.4 HEUSEHYXMX| Q| M= 2
FEAEAG7IH 7HAEA G o] dial 80%2] Fakg
TGATHp)o] 10 Yem S ZH= FTO (F-doped Sn0,) 52| 7]

-
T2 AHEsh it B FAl Al=SAS FTO 2] 7135 0.5
em x 0.5 cm=0.25 cm’2] Z7FAA 02 dto] ko] gujet
HRRIEE A7Fsto] #4HAIZ] TiO, o] AE(30.0 wt-%
£ FTO 7|& %Oﬂ 233 =z 3 Z 450 °C§ 2AIA 71}
71 553H=(NT19)
2 A Rl 2447 B B2 AW W B
A ohe ofekg AlEsto] AFeoA] AXAITIT, AT
=oll = 7He) A2 S AL 01% iii £ ol-&sto] ~10

)

205 AHYS F HF Aolo] FHoR FYskw, F A
P Aol e feRow U 9 38§

7] 9Jsle] = A2



24 7714 19U A%, 20139 39

7A(Model 2000, Keithley) % 7} =812 Hx)5to] AR A
=X (photocurrent-voltage curve)= % Jslach A A9 A
A}t SEAE AFEIF o FAOZ 300 W AHJ+=(Xenon)

WILE ALE5lo] AM-1.5 PAE S} T/\}O}EE Az o) 47|
S 2dsh3aL, 8o Al7le Y SA7IeF AntE A7)
2 A5tk JuEASAS 0.1~100 kHzS! W99 53}
S04 10 mV FZo] wiH AT 53510 2§ upol
o] e W wF AEZL DSCO A 3|2 AtollA A
Ak

3.Zm Y ER

Figure 12> &40l 23] hdH F43 TiO, HES 44
2o wal &2 Yl g2t XRD €S veRd Aol
500 T2} 600 TolA AAJAIZ AlRof| A ofterA|[13]9} F
Et[14]2] 2A 727t SAlO] YRS, 800 TolA A4
AZL Aol M Fetd AR YEPES & 4= 9l ov]
&4 ol e TIO S Ao R 0|83 DSC ¥ o7t W
2 =EolA dFEe] Jeng B AoAe ¢ ofUERA]

RI110

R211
R101

R111
|

I || | 1

et snsmmtmschid ottt i o i A A I (c)

Alol

Intensity (a. u.)

(®)

Al0l

R110 A200

lewf }L_Jm A Ao (a)

T T T

T T T T
10 20 30 40 50 60 70 80
2 Theta (degree)

Figure 1. The XRD patterns of TiO; particles obtained at different
temperatures, (a) 500 C, (b) 600 C, (c) 800 C (R : rutile,
A : anatase).
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Table 1. Crystallite size analysis from XRD results

Calcination
temp. (C) 500 600 800
Structure | Anatase | Rutile | Anatase | Rutile | Rutile

Size (nm) 12.1 19.8 12.5 20.9 19.0

(c)

20 nm 20 nm

Figure 2. The TEM images of TiO, particles obtained according to calcination temperatures, (a) 500 C, (b) 600 C, (c) 800 C.
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Figure 3. The UV-Visible spectra of TiO; particles obtained at di-
fferent temperatures, (a) 500 C, (b) 600 C, (c) 800 C.

Table 2. The band gap energies calculated from UV-Visible spectra
of TiO, obtained at different temperatures
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Figure 4. 1-V curves of DSCs assembled by TiO; particles obtained
at different temperatures, (a) 500 C, (b) 600 C, (c) 800 C.

Table 3. Analysis of photovoltaic efficiency and impedances of
DSCs assembled by TiO, particles obtained at different
temperature

Calcination | R, Voe Jse Pmax | Fill | Efficiency
temp. (C) | (Q) | (V) (mA/em®) (mW) | factor (%)

500 28 10.75 8.79 1.02 | 0.62 4.06

600 24 1 0.79 5.39 0.65 | 0.61 2.62

Calcination temp. (C) 500 600 800
Maximum absorbation 4075 416.0 420.8
wavelength (nm)
Band gap (eV) 3.04 2.98 2.95

800 3,700 | 0.57 0.20 0.01 | 0.44 0.05

*R, : electric resistance
Jse - short circuit current

V.. : open circuit voltage
Prnax : maximum power point
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Figure 5. Impedances of DSCs assembled by TiO; particles obtained at different temperatures, (a) 500 C, (b) 600 C, (c) 800 C.
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Figure 6. The XRD patterns of TiO; particles obtained using sol-
vothermal method at different pHs, (a) pH =3, (b) pH =7,
(c)pH=11.

Figure 7. The TEM images of TiO, particles obtained using solvothermal method at different pHs, (a) pH = 3, (b) pH =7, (c) pH = 11.
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Figure 8. The UV-Visible spectra of TiO, particles obtained using
solvothermal method at different pHs, (a) pH = 3, (b)
pH=7,(c)pH=11.

Table 4. The band gap energy induced from UV-Visible spectra of
TiO; particles obtained using solvothermal method at di-

fferent pHs
pH 3 7 11
Maximum absorbation 396.5 398.0 3945
wavelength (nm)
Band gap (eV) 3.13 3.12 3.14
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Figure 9. The photoluminescence spectra of TiO; particles obtained

using solvothermal method at different pHs, (a) pH =3,
b)pH=7,(c)pH=11.
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Figure 10. I-V curves of DSCs assembled by TiO, obtained at di-
fferent pHs, (a) pH =3, (b) pH=7, (c) pH=11.
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Figure 11. Impedance curves of DSCs assembled by TiO; particles
obtained using solvothermal method at different pHs,
() pH=3, (b) pH =7, (c) pH = 11.

Table 5. Analysis of photovoltaic efficiencies and impedances of
DSCs assembled by TiO; particles obtained using solvo-
thermal method at different pHs

R> Ve Jse Pmax | Fill | Efficiency
pH Q) | (V) |(mA/em?®)| (mW) |factor| (%)
122 073 ] 14 16 |065| 65
7 110 [ 078 | 16 19 |065| 80
11 97 076 | 18 22 |063| 86

*R, : electric resistance
Jsc : short circuit current

Vo : Open circuit voltage
Prmax : maximum power point

ulzk F2 o 4 Uitk whebd pH=110]4 €olR Tiox
DSColl 4] Aol 744 Aol 1ALe] E5o] golahA ol FoiA
YARE Aol A S50 Ao wAE 4 ook Ea

o] AT AT AR A7)eh To| Sl Ao 1
119) gkzke] oo A dof7l Tio, ofitety] 24
o) A9 Aol rstel 2H Wl 2T 47t FAWSS
et 4> Qiek weba Aoz QI AAF B el A
o]4] Ti0, EWe| A ¢] AALe] B o] Golste] TCONFOR
A= AR 71 S7fskal é%@ii DSC &&°] 5
7kgt Zlog Helrk B0l pH= 11014 &2 TiO, YA 2
7]€ 202 nm= AA7E mefS 7HAAL glem YAk He A
TR Qg ¥ 7]ES ol Ak vhE 7t Qlof oz
QI3 TiO, ua} 9)o) W Ao] Holx Prs} 44 Fake 4
ol Ae & vhas) & % Aok skAlEk 44717} 100 nm
oSt R LR Z-g Hpolis Uegla Ero] uj¢ Bebyat
o] o]5 W AE2 A= 7o) Ao hAstE st o
o025 QAHE 7 Y@l ZhEh whebd ol L
YRS BAAA TCORTo| T T AAE & A%,
R A e
7AA TCOAFE Pie o} Zastel A9 $H&
o] 7t4:5}3 TCOR WY AAte] i 2hasiA Hof 2
= DSC #dwgh mgo] Aslst= 2oz Atz

4.2 E

SAME o] gsto] 24 2=of WhE TiO, 2HF2E, &
AR S o] &ste] pHHSto| w2 TiO, YA=A7]0) W=
FaAL sEAALE AL =7 ST AR o] e AR
%Lii’l ol Skl YA 27|= Skl e, vk
o531t o] A3 DSCO| Wi #7}o] F7}E o]
ago 1 dastTh A= ofuEbA] AAG29| Hleo] Al
5 DSCof| #ehet A=A de gelstin:. S adrs o
4-3to] pHO|l wet TiOE /g% 23}, pH7E 3, 7, 112 F7}
42 8.9 nm, 12.8 nm, 20.2 nm& JA}o] =Z7|7} HAH Z7}

3a, pH=1121 ZANA FAE TiO, Y= YPAb= g 7
E7} 71 dob kel A 1t A she AR 7t Ao
TiOx9 A FTO A5 = ol §sh= A7 WotAlal A=
A'eol 7HE festthe A Flsklnh =3 pH =119
Al AR TiO, Ui YA7E WA G o] 71 Wil 8.6% =
AR 9] ago] 7 w3tk webA & AtollA= pH=11¢
ZZ0) A4 gHdet F 20.0 nm =7]2] ofERA] TiO, YA}7}F DSC
of 7Hg At 2Ade & 4 Ak
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