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7o A Ti A7AE 4 Eetzvlels 1ke] YA Fo|-Tio, = BB sAlel 713l viE F2HA]
4§ e 34E AASt AlxE Zol-Tio,= 27l wEHA ¢ AdlolA 94552 (Atomic Layer
Deposition, ALD)el| 2|5} ALO,Z FHHTE F-TiO2} THE A-AL0,S] FENsHd] 72 transmission electron
microscope (TEM) 2! transmission electron microscope — energy dispersive spectroscopy (TEM-EDS)E 53l 41313}
ol AzE F01-Tio,/A-ALO, U=d#ke] 714 542 A54hs B2 (dye-sensitized solar cell, DSSC)] 2+
A=roll Ag-3te] 3713831t} Dynamic light scattering system (DLS), scanning electron microscope (SEM), X-ray
Diffraction (XRD)S 55101 7]-Ti0,o] o=, &% W A7) FAEES 4% 29, Hd % 17.1 nm,
Fojuhuke] £ 20.1 pme) 2 F AHFEI} Anatase® 52 T0]-Ti0A-ALO, HedAE 243 DSSC7T 7]
L] Ho|AE WA o7 A DSSCETF B & FE S-S HojFtt 7|59 Fo| 2B 285 DSSCY oy
AR 4.99%0] Hsto] Aea oz ZHE F0]-TiOyA-ALO, WeARE 02 ARSSE 97} 6.28%E
26.1% Y £ FaEe HojErh

Abstract — This study proposed the fabrication and deposition of high purity crystalline core-TiO,/shell-Al,O5
nanoparticles. Morphological properties of core-TiO, and coated shell-Al,O; were confirmed by transmission electron
microscope (TEM) and transmission electron microscope — energy dispersive spectroscopy (TEM-EDS). The electrical
properties of the prepared core-TiO,/shell-Al,O; nanoparticles were evaluated by applying them to a working electrode
of a Dye-Sensitized Solar Cell (DSSC). The particle size, growth rate and the main crystal structure of core-TiO, were
analyzed through dynamic light scattering system (DLS), scanning electron microscope (SEM) and X-ray diffraction
(XRD). The core-TiO,, which has a particle size of 17.1 nm, a thin film thickness of 20.1 pm and a main crystal struc-
ture of anatase, shows higher electrical efficiency than the conventional paste-based dye-sensitized solar cell (DSSC). In
addition, the energy conversion efficiency (6.28%) of the dye-sensitized solar cell (DSSC) using the core-TiO,/shell-
Al,O; nanoparticles selectively controlled to the working electrode is 26.1% higher than the energy conversion effi-
ciency (4.99%) of the dye-sensitized solar cell (DSSC) using the conventional paste method.

Key words: Core/shell nanoparticle, Nanoparticle Fabrication, Nanoparticle deposition, Microwave Plasma, Dye-sensitized
solar cell

TTo whom correspondence should be addressed.

E-mail: shopark@daejin.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

111



oX
ofol
o

o

112

LA B

(£

o] s AR L] ARGo] STl wEbA olvA] a3 3H4
AR 1ste] ARG A R] Fofe] o] Fo] | gl
£3], 19913 Gratzel W57} G575 B 94 # (dye-sensitized
solar cell, DSSC)2] 2Hs =] TiO,Z Ag81o] =& 587 97
3y, T1efaL 7HA A1 "ol o] S BojFRo] DSSCe A4l
of BRI Z 243 whar QITh1,2]. DSSC YN o & 25
(working electrode), 23 tll % =-(counter electrode), % & (sensitizer)
gl zd 3 A (electrolyte) = o] F-oJ Xt} o] F ZrEd 52 SnO,,
ZnO, Fe, 0,8} 22 Y& WE A& 2k Aol A EER o
SEARE FZ Ti0,7} o8- 3L UTH[3-5]. DSSCS % A
2 25T IRE YAl A o A dolvt v #fet A
alArtol o] AT ddolth thedAke] AEA S A7 A
2o} 28] A WA ] $ek o] At Qled e
7o) the FEASES] ARG[6loI 1R ] e Aate] B9 T
o] UtH7-9]. 22 Tio, WAt F21E A8 A=
gloFgel o)t A7) A A 3= highest occupied molecular
orbital (HOMO)®l| 4] lowest unoccupied molecular orbital (LUMO)=
o37] ¥ a1, AA7F WU HOMOS] Blzke]= Asj2 429 2 9
Eol 9] Alsle] gate] Ax7t A YZITt fsel AAE AT
Aad F2] @ e ol AT O o]F3te] xS Al Fit
of SHAFTH10-12]. o] ¢k DSSCO 552 ellA] ofi#] W%
H-(energy conversion efficiency)s W wAl-o] itk 71&
O|2RE WAl 0 % Azt 2= Biel 345 AXHA 2
4o =EH7 H1 o] 1% BEES WEEA] YR}
7 el =3 =] EEHE P8k Fnt. o2 3 ERIE
Agdolst= AAE Lo ZA AEA A dAEA
WSHA] FoH18]. BEgk REEA] Vg xte dgE At A
S5 AR Zata A Addtshe A= skl wck
HEEA] Whegizr S 0.2 AAF 95 45 = (nano second)i= M
AN QA HS el FAE (milli second)= AThE 0
2 =27 glitel] e A o] EFESE Falels AAES X
3sto] Al Q] ooy A5 2] HOMOZ AA T E = d/do]
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2AYSA FTH13-17]. meb 25 A2 A Behs 09 E
s Folal A= EFTENE EYL2A AR £ AE
s WA e 3ol estitt

B AFeM= 7o E AgE Ti AFA7E 4 ZEhzmtellA
F0]-TiO, = A BT} Aol vtz 7] 3o Fatw]o] whahs: 34
A171H, &5 =% glo] YA 52 (atomic layer deposition,

ALD)S 78130 24 AL 02 F0]-TiO,oll FE ko] 701/
T2 Y= AHE DSSCE ATl Ag-s ATAdE e
skSitt. g F0]-Tio,= W Ul-ellA] S 02 7|3t &
ZE 7] Wil &5 21 L AEA ] g Mt HAE 7
2N F= 9len, Fol-Tioell ZHE 2-Al,0; RE=A] e
2k} s 7ke] M714 Hulld S FAdste] AFAFOE <l
sk Az =4S A glo] DSSCY oA WEkg &S
AT 5= QITH 18], Wb B Aol o)Al 1S 2k
D] A e JAE V)] uiz SHAA 5= Qs 3
&S e 24810 DSSCY A M G40 /HAE

RHolFE),
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2. HEEH

2-1. M=

F0]-Ti0,2] A-FA 2 TiCl, (ReagentPlus®, 99.9%)E Sigma
AldrichZ4-E] 71|15} bubble-type canistere]] -8-5}0] AR&-5}AT}.
njo]| A 239} Ze}AnlEX] 9] swirl gas W axial gasZH 115 Ar
7}~(99.999%), 2K O, 7F2 (99.999%), T4 H, 74~(99.999%)
=S A5 a1, 9A155 2 (atomic layer deposition, ALD) A]2~El19]
Purging gas® T5% N, (99.999%) 7F~5 A5G ALO,=
FHEF7] 98 A7) AI(CH;); (TMA)YS CN1 SALZRE] T+
whol AR50t DSSC Al 2HE ¢1$F TCO (transparent conducting
electrode) =2 9-9F4]| gl o] ~(GMC) 3|AFZF-E] 43 FTO
(fluorine-doped tin oxide, 10 Q/cm?, Pilkington)E 572} o}A]
E5 o] 8310 g} AlF] & A4 F907)00A AZAIA ARSI
Flo] A E w4 o] DSSCOl AHE-E] & TiO, powder (nanopowder, TiO,
anatase, 98% pure, APS: 30 nm)™= mkNANOZ F-¥| F-nj|5}$i T},
Ho|AE WA o] A57-g dlFdA ol AH8-5 = TiO, powder
(nanopowder, TiO, anatase, 98% pure, APS: 20 nm)= mkNANO
ZHE jsisltt.

22, A0{A Ax=9| LILRIRIE HZE H S| g &

oyl 28] Y Aks A 02 AR in-situ 701/
AR A2 9 FEPEHE ARE-sto] R W, Aol thgk 12
T = Fig. 1@)°l, 34l thdt 2 TF (b))} (o)°ll 2953
Power supply®ll Al A& o] &35 magnetron®l| 4] vlo] A2 117}
YT Isolatorss X3 plo] AR 97} vV EE O WAL
== S WUAEFa, REALe] tigt 34+ reflected power display
ol Z7d Et}. Waveguides 53l A vlo] 2 ZI= 3-stub tuner
£ o] &3to] REg719] & Zetzeprt Mg st s st U
H 4 240 microwave plasma-torch chamberol] 4] HH-5-3271-8
G| F a0 Zet=ole) o AlZzE WUie A= chamberti o)l A
7|3ke] ST 7192 719 ol 1 = o] BEje 23te] F
s Fa1 4 EekAvrke swirl gasel] 25t 7188 Taf Qg 3}

t}h. Axial gasE &3to] ATA7F FUEH 7)ol Y27t
ZZETH19]. 249 FAEE Fig. 1(b)ell YeRI e Y=g}
2 719 259 1=F §lo] ALD chamber® ©] 5317 ¥ it

2y
&y

hyl
pus

44_408{_4

N

71%49] S heatere] 913 7h1H A} ALD] Slefel 713 o
S2E Yiedzpel A& FES) ALDS] g0l tist B =S
Fig. 1(c)°ll YERIT

2-3. IO AxEO| LIRS 08¢t &&SH= MIE

FTO FA5E 7|9 o s ARS3IQ 1, A5 79 oHlEs
o] g3at] 253}k AlF § A& F27]0A AERAIF T FTOE Y
SR Az 9 F27gH] Srof] LY AIT] £ nlo] A 2 3}e] HEALeL
HEg719] W2hE §13te] 15°Ce] ¥4E 2 /min. & reactor}
isolatorel] S#FUTE. E2kz<rt EX] 9] swirl gase U] 7HE] A%
ko] FAL L B35l 10 L/min®] Ar} 8 L/min®] 0,5 59131
EX| 07 Sojzitt. 2 kwl] mlo| RIS BAAZ] & A=
FH Yol g Aul slojofF o] &3to] HAE HAYAIA EFef=at
E2E A3 TiCl,7t B79%1 bubble-type canisterll 72 7t
281 Ar 7}AE 1000 scem O 2 T35, Elekg A7AE 4 &
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Fig. 1. (a) Equipment for fabrication and deposition of nanoparticles
of core/shell structure. (b) A schematic diagram of nanopar-
ticle manufacturing process using microwave plasma-torch.
(c) A schematic diagram of atomic layer deposition process.

ghzntol] F=fabd Akaete] 2w Bl A7} swirl gasell 2
sto] w2 A Sk F714Q1 Hy 7k ekt BEA UE
0, 30, 60, 100, 300 scem .= FY3lFTt. 0,9+ H, 7k~ TicCl,gh
HEg-ato] Tio, WesiAs @A st Alx 9 F2H Tio, Wie sl
2t 2377 Algtel| et 24 5], 63 F<F 20,1 pm2] vhS
Gt 2E ATl A&sklth H, fael weh B = W
TiO,2] 277X (anatase and rutile)?] F&°| 4=, DSSC
A28 LI A= et Q15 17.1 nmO| ™ anatase®] F-8-8 76%%
z27s)0] 2RF 7= 2835197t} Microwave plasma-torchel] 2]51od
Az 9 F2E Tio, YefiAh= 2152 §lo] ALD chamber
o] st} ZF e o] Aol TMASH H,07} 0.1% Bt =38 o=
FA=EH A-ALOF TR AO|E F 1 A2 FAR o] P4
=], 10 Alo]E2] ALD 3785 Xast 48 2g- 1=l 283191t

2-4. SRS EHUTX|2| M=}

25 AT A2-E Y3l AlFE FTO 7] microwave plasma-
torch= ©]-8-310] F°|-Ti0, & T2AX] - ALDE ©]-8-3te] 4-AL0;,
£ TR, A5 450 °CollA 1 AMRFsRE A vt G vt

AL g Jda7ke gokdx] 113

2 A=E 0.5 mM 552 C101 ¥ 5(Cy,Hy NO,RuS,, Sigma
Aldrichy&-<lfol] 24 A7t A8t 55 FHAT 2553t
AAFE MELIR] Beko 2 23}, 50 um79] A2 ¥ (surlyn,
DuPont)ell &Jal &A1zt A= 3ke] 432 200 °C8] &5=oflA
AR A7o] Zopa] FAETE A=l A E |l Tl
Aafjs FUAR 7, a3} HE3 A EekaE olgalo] e
ST

2-5. BN

A& 2ed =2 vl T FAFA A P 73 (high resolution
scanning electron microscope, JEOL JSM 7000F)C. = ¥e+2] A -5-5
g1l ar, 53 A4 ] 7 (transmission electron microscope, JEOL
JEM-2100F)& ©]4-3}0] 201-Tio,ol ZH ¥ €4-AL0,2 FEE
FIstAet. gk, FAARFA ] Aol v A] AR XA T3
(transmission electron microscope - energy dispersive X-ray spectrometer)
£ o]&3to] Fo]-Tio, 2t A-ALO,;2 24 FRIIgiTE F0]-Tio,
2] QIRJARO] 3= dynamic light scattering system (DLS)S: 0185101 &
data, AYT22] #-8S Xeray diffraction (XRD, D/MAX-2200
Ultima/PC, Rigaku, Japan)S 5310 71519tk A2k 4-Al,0,
7} AR E 3101-Ti0,2] 1714 545 &elstr] $lste] DSSCe]
255 AR AlzE DSSCe ¥ d7]s)ekEd E4
7H= 100 mW/em?, AM 1.52] 271 2 2 solar simulator (Peccell
Technologies, PEC-L11) 2! photocurrent-voltage (I-V) curve analyzer
(Peccell Technologies, Inc., PECK2400-N, version 2.1)% ©]-&3}]
-V 348 YR, [V 348 381 oy=] fgta &S At
EirA

0
4
—

3.2 3%

3-1. 20{-Ti0,/&-AL O, LI-QUX} 24
Fig. 2(a)¢} ()= TARAAFAR] & o] &-3to] 37 Altel wheh

|

Fig. 2. (a) SEM image of high purity core-TiO, deposited on sub-
strate for 8 minutes. (b) SEM image of high purity core-TiO,
deposited on a substrate for 24 minutes. (c¢) TEM image of
shell-ALO; coated with ALD process to 100 cycles. (d) TEM
image of shell-Al,O; coated with ALD process to 150 cycles.
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Fig. 3. Graph of core-TiO, thickness deposited on substrate by
microwave plasma-torch according to the process time and
shell-Al,O; Thickness coated with ALD process according
to cycles.

FTO 3Hel T2k 70]-Ti0,9] 47715 HolErt 3YAIKT 8
T, 243 i S 242F 20.7 pm, 66.7 pm 93 ER1ZICH
Fig. 2(0)9} (d)i= FAFAAE N & Fato] ALDS] 37 Ao &
(cycle)ell w2 2] FAIE YERATE 501-Ti0, el 2] F77}
1 Aleycle 2 /374sH = 21 2RISISITE 50 cycledlA] 4.82 nm]
A o] TS Zk= AZo A 200 cycleol 4] 20.18 nme] -8 2k=
MENA 9] F54AYE Fig. 30 YeRIA AL, 7|9k w8k
Zhgl 5701-Ti0,9] g3t A74E°] 3 pm/min ¢S HolErh B9
A& ofutete] skEN7H] FIRE S-S TEM 412 538 E1g
4= AATE 791-Ti0,2] TG Fekzn) 919, axial gas®] 73,
Ar 7}28}1 0, 7120 o] §)ow Z+zF 1.5 KW, 1200 scem, 10
L/min, 10 L/min& 713 34 02 FAZE 82 Fk ald 37w
rofl w2 A0 W3S Table 19 Fel ke Zeb=n} o}
Flof] whE g4 05 kwell A 2.50 pm/min®] -] 2 kwell A
3.25 um/min®| gt Ztom, Eekzmt 997t el A

o|

-

Table 1. Growthrate of core-TiO, according to Process condition of
microwave plasma-torch

Change factor Growthrate (um/min)
0.5 2.50
1.0 2.78
Power (KW)
1.5 3.01
2.0 3.25
500 1.86
. . 750 2.48
Axial gas TiCl, +Ar (sccm)

1000 3.20
1200 3.62
4 2.27
6 2.97

Swirl gas Ar (L/min)
8 3.00
10 3.25
1.23
Swirl gas O, (L/min) 5 2.12
3.25
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= Z7HIth ZekAn) 9h9)= wkg-] oux g o g Zebxnt
7} oA A Whgoll Fofshs atrelt| e FRE S
ZA 3ot} Axial gas®] F3-2 500~1200 sccm®] H oA ZAlE

=, el met F4E= AFA(TICL)Y Fs 288 5 3
o}, b ] SR A ] T4l Ee] wolA| A, T o) fE
e g ot Al B8 Bk 3 Ar 7148} 0,719
FraFell thgk <45 210 Limin?] H9lold 2Ak61910H, 0,
% 3 L/min®lA 1.23 pm/min, Ar 7}2~2] % 10 L/min®l|A]
3.25 um/min®] A4 FEEE 2=} Swirl gas (Ar + 0,)9] 52
Zet=ute] Qg gl &S Tt Ar 7F2E reactor®] W4T &
ghz=n} 3hd o] WekS HESte] b8l Al7lE A8 5T 10
L/min® w 7} ekg 3} =9t} 0, 7t Sk} 3k S 34
NAFE= Ao, 8 Liminl & Y& o Zak=npr} 71 ¢k
3t QITH19). o Zehzmte] shelo] YRt 2 0% 3H) 2 kw,
Ar % 10 L/min, O, 5% 8 L/min®.2 A3} 1, 54 At
824 FRF Alxte] whE Fofubake] FAIE Fig. 3o YERAGIT
FHAZE 8% E<t wHuHEA) 26 ume] S EHEE] 248 Fok Bt
T 66.2 um2| Z7937HA] TAISHA L) Fig. 45 Az 701/4
T30 Y812kl TEM o9 |2} TEM-EDSE E3to] ERle =
524 Aztoltt, TEM ARl TA1E 113 upAas 70)/4 Uireg)
2te] o]l tjgk EDS w4 A5 olm Al 0% o]Fol7l A& El
3 7 Atk Fig. 40l 78 @4l ti gk AAEE0] 0 60.04%, Al
37.07%, Ti 2.88%% 578 ¥ 215 YRS AL, &40 Ti A 5
ofof|A] 7115k Zlolth, TEM AR 2] 2/ uhi= Foj o 2 O,
Al Tio] ARS8 717} 69.19%, 17.10%, 13.69 %2 22l = i},
49 Al Fo1 5 Foat Aol U AR o® FolE o] &

Feli T2 o 4 At

Element  Weight(%) Atomic(%)
60 O(K) 45.76 60.04
Al(K) 47.66 37.07
Al Ti(K) 6.57 2.88
@ o . 5
5 404
o
[¥]
201
Ti
Ti
WJL Ay . r T
5 10 15 20
Energy(KeV)
Element Weight(%)  Atomic(%)
o O(K) 49.76 69.19
60- Al(K) 20.75 17.10
Ti(K) 29.48 13.69
] Al
€ 401 Ti
]
o
204
ILI Ti
) \
» -

H 10
Energy(KeV)

Fig. 4. EDS patterns and atomic fraction of core-TiO,/shell-Al,O;
nanoparticle.



FOYA 2] LheglA} Al 2

Table 2. Weight fraction anatase and rutile and TiO, nanoparticle size

according to the amount of H, gas injected

No. H, gas Anatase phase  Rutile phase ~ Crystal size
(scem) (%) (%) (d=0.5, nm)
1 0 67 33 18.8
2 30 76 24 17.1
3 60 61 39 18.9
4 100 47 53 252
5 300 14 86 448
i s @ Anatase F:)z gas
5 ORutile scem

200 M

30 sccm
[}
_JL RO A

L 60 sccm

JOLSL’\QO
BT

300 sccm

Lfi Qe %?

20 30 40 50 60
20/ deg

Fig. 5. XRD pattern of crystal structure with H, gas injection amount.

Intensity (arb. unit)

32.H, 7k~ FlEH|| ME 30{-Tio,2| A¥+x ¥ Edtx
2
Table 2:= H, 7F2] F=q1%kol] whe} @2 5701-Tio, 27529
ARSI B A vehin ZF 2ol wel S €
F0]-Ti0,°] A7 725 XRDE Fato] £41351 11(Fig. 5), DLSE
o] gsle] HAUEE SIS H, 7127 F FYUHA e et
Aba E2f=uloll A anatase?] FAIEE2 67%=E rutile BT =7
S4Etka, H, 7F~7F 30 scem @2 902 uf anatase®] FA-
EO] 76%% 71 31 17.1 nmZ 7Hg 2R QAo 25 2= Zls
RIS H, 7k F4d0] gl 9= S84 gl -4
Sl anatase®] A4 727t O Wk, &%) 30 scem®] H, 7k
T = obd ¥kE () & Akl s e Hol A
RS Frket] 24 /bgAdo] %2 anatase”} U] T
7V H ek w3 RS SV TiONA E(seed) 2 FAS &
o} F {17t Fasks dE Blvk sAIRE H, 71~7F 60~300
scem O 2 FYFo] F7Ietel| whehA] Zehznte] 27t AdssH)
H a1, 21204 anatase X.OF G4 © Z QFY S} rutile T-22] F

A4S B4 ARDS BN 11s

ABE-L 39-86%714] F7hab= 21 918k 5= 9lgiTh19]. 12

I H, 7kA0) S7hebel T} 17.1004 44.8 nm7bH] AR =

7/i er Zg}=nl LA YAt AT EA Bk ool
07 kA3 rutile 722 YAHIZE = Ao E B 4= Qi)

TiCl, (g) + O, (2) + 2H, () — TiO, (s) + 4HCI (g) (1)

3-3. A=ZS HYTRQ| MIIN £ HIt

ARV, 0 mAY ] SO R A7 S 5 o=
7Hd =8 AdE e, @R )= 0 VY Wl SR e R
A e 7P e ARE dERAh HORHK(V,L07 A
(L) 1V A A HodE (P, s 7H W] Ak
FE vehdch Ao e, )3 Fill factor (FF) 2 &8 o
= 2 o7 Aikek 4 QlrH20-23].

P=VxI )

FF = (Vs * L) / (Vo X 1) 3)

n(%) = [(Vye >

2] @)1 P2 ZARE LA (mW/em?), S AlZE B9
W2 (ecm?, active area)yS LFERAICE

20 nm®] F°]-TiO, = 7|} Eetsh= A9 slo] ~ER ©
E AAEE DSSCoF FeknkE o] 88k ks 5101-Tio,/ 4 -AlLL O,
3
L

I, x FF) / (P, x S)] x 100(%) 4)

e Ak2 A 2HeE DSSCE 1-V 542 Table 30 Z*Elo}“ﬁ‘r 71
& o] 2B W412] DSSCY| V,, I &= BT E 0453 em?
1 217} 0.723 V, 9.62 mA/em?] A7kl Bs| 1% FO]-TiO,/

A-ALO, Ui=IAFZ A &3 DSSC V,, I & S d=d A
0.428 cm?oll A 242} 0.775 V, 10.9 mA/em? 02 AFe} Agto] 1
T A HAT F %en, 4 3)F 4E ol g8kl Aite
fill factor®} FEEE ZH2} 71.6%91A4 74.2%, 4.98%14 6.30%=
78It Table 390 U3t 574 12125 Fig. 6ol YERATE. o]

-
o
1

Photo-current density(mA/cm?)

5 -
—TiO,/ALQO,
—---TiO, (Paste)
0 T T T T
0.0 02 04

Voltage(V)

Fig. 6. Photocurrent voltage characteristics of DSSC fabricated with
different working electrode.

Table 3. Photovoltaic parameters of DSSC manufactured with different working electrode

Sample J. (mA/cm?) V,. (V) FF (%) Effi. (%) Active area (cm?)
TiO,/ALL,O4 10.922 0.775 74.157 6.278 0.453
TiO,(Paste) 9.623 0.723 71.657 4.985 0.428

Korean Chem. Eng. Res., Vol. 57, No. 1, February, 2019
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Table 4. Photovoltaic parameters of DSSC fabricated according to particle size and crystal structure

Sample (particle size/major crystal structure) J.(mA/cm?) V,.(V) FF (%) Effi. (%) Active area (cm?)
17.1nm/Anatase 10.922 0.775 74.157 6.278 0.453
25.2nm/Rutile 10.748 0.744 67.489 5.397 0.425

-
o
)

3]
)

—— 17.1nm/Anatase
- = 25.2nm/Rutile

Photo-current density(mA/cm?)

0.0 ' 0.2 ' 014
Voltage(V)

Fig. 7. Photocurrent voltage characteristics of DSSC fabricated accord-
ing to particle size and crystal structure.
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