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Abstract:

Dye-sensitized solar cells (DSCs) have recently been developed as a cost-effective
photovoltaic system due to their low-cost materials and simple processing. The use of dye
and nanocrystalline TiOz (titania) is one of the most promising approaches to realize both
high performance and low cost. In order to improve the photo-energy conversion efficiency
of DSCs, it is important to optimize their porous TiOz electrodes. This report describes the
applicability of double layered TiOz electrodes for various dyes and electrolytes. The 400nm
size TiOz particles, in particular, that are employed for the light scattering layer are used
only by JGC C&C

. Furthermore, this printing paste that can easily form high-quality double-layer titania

electrode films is of the highest standard in the world.
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(DSC: Dye Sensitized Cell) T 5,
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] 3.

acetonitril (AcCN)

High efficiency type

=0.1M guanidium thiocyanate

=0.5M 4-tert—butylpyridine

-acetonitril and valeronitrile
(v/v:85/15)

-0.05M 12

*0.05M 4-tert-butylpyridine
+acetonitril and valeronitrile
(v/v:85/15)

[ N719 D149 C101
BIRE -0.6M BMII +0.1M Lithium iodite -1M DMII
AcCN-based electrolyte |-0.03M 12 +0.6M butylmethylimidazolium (1,3 dimethylimidazolium iodide)

-0.03M 12

=0.1M guanidium thiocyanate
=0.5M ter-butylpridine
-0.05M Lil

=acetonitril and valeronitrile
(v/v:85/15)
FRAZTR NI FZ-IRE]20nm-3.4 £ m [20nm-15um 20nm-12~13um 20nm-10 £ m 30nm-10 4 m
—EEE
KHLFZR-IEE]400nm-4.5 4 m|400nm—4.5 1 400nm-45um 400nm-6 4 m 400nm-6 4 m
J (mA/cm2) 145 16.7 17.6 18.58 19.3
KELEHE V (mV) 840 0.78 0.73 741 730
it FF 0.75 0.75 0.69 0.74 0.74
n_% 8.8 9.8 8.9 10.2 10.4
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HEHINLTWD C101 43 T 10% L EOEHZ R 2R L T\ 5, AHAFEIE Ru SR AFRICHET
L C, MAMEIRE D DD, 5 TR Ru iRz L0 5 FU ERE VWD, BAZ
HUOICHFE D A T %, D149 (ZZERKEK) o AHEFEZHWT 20 nm ORLFROTF ¥ =
THEA 3.2~15.8 um F TEALSIEZ D LIZ 400 nm DR, D NEELEEZ 4~5 pmigk L
7= ZJENE T DSC OFFERTR BTz, ZORER, AcN(T & = MV WRBEEOL AL, —)E
HOBEE 12.4 um, BELE 4~5umT9 % &\ o) @B EE2 R LIz, AR B
FE =T RORERHAGDEICL > T, R by TONEBYRELZERL TWND, 9
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6.1+1.3 pm double layer
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The thicker the film, the higher the IPCE but the IPCE is even higher using a double-layer film

( Electrolyte : N-methyl-N-butyl imidazolium 99%,H20 1%,12 0.25M, N - Methyl benzimidazol 0.45M)

X4 —BE _RBEBETFZ=TFZATDOT I a AT MDHE

3. 2 AFUMHEETEREE L THWESS

TREFH =TI, A A RO R TRE S s, A A U HEIRIRITOEE BN R MR W
7o, BRETOIVHRREELRI L, FEX=TEEZES LTF X =T ENLEMRE~DE
MBS EZIZ RTNERLRNE NI VL r=RnbD, 2OV L~ ORIRN T EREERTH
5. 5 %L EDONEWMMFELZER L TEENOEZRAITRT, 44 MikEE LT,
N-methyl-N-Butyl imidazolium & N-Methyl- benz imidazol %\ T\ 5%, 4R T &
INCHEE % 5.3, 6.1, 7.2 pm SIS E 5 Z LIV E R m E L7, B2, 6.1 pm
DOFEZ 1.8 pm OKRKLFF Z =T RA KR L7 s L 52 2 & T, I RAMEIRO S EHLL)
RPPIZE OB RLL ISR MIZH LUz, ZHud, Ko A X3R5 K 800 nm @ 1/2 &
RRICOEHGELS —F iR < 2 D & 9 X —HELHE R Tl S5, 2 400 nm Kb 1F ¥ =7 i
DL EBELNC L D2 AF K OE T kD FIC L0 I ARAMEIR TRINRB KR T LTV A EFRED
HINT OWNPARE R L LTz, ZORERE L TREBGENM E L, 0%, IMAEDOH S
SR Lk x oA A MR IR 2 O T2 A E D Ev DSC SfFt S Tn s, Wihd ZfgF 4
=T D Fefl TR AR A ZER L TV D,

Fz2 AFUMHEES AT DSCORME—E
[EE S 7907 K19 C101
=MRa “0.2M 12 -0.2M 12 ~2.9M DMII/EMII(1:1)
IL electrolyte -0.5M NMBI -0.5M NMBI -2.1M EMITCB
(lonic-Liquid) -0.1M GuNCS -0.1M GuNGCS (1,3Ethyl Methyl imidazolium

High stability
Solvent Free

(Guanidium Thiocyanate
-DMII/EMINCS

(Guanidium Thiocyanate
*DMII/EMINCS

*0.22M 12
*0.09M guanidium thiocyanate
=0.44M N-butyl benzimidazole

FEZFPR PMIFE-IRE  20nm-14~15um 20nm—6.5 4 m 20nm-10 ¢ m{30nm-10 £ m|{50nm—10 i m|
—EEE

KAFZR-IEE 400nm-4.5 4 m 400nm—4.5um 400nm—6 ¢ m{ 400nm—6 1 m|400nm—=6 1 m

J (mA/cm2) 13.2 13.3 15.45 15.28 13.65
HEEBLEHER VvV (V) 0.73 0.72 0.68 0.69 0.69
e FF 0.7 0.75 0.74 0.74 0.74

n (% 6.7 7.2 7.8 7.8 7
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R 2RI DA A MK DOEME TD DSC FitEZ R, C101 aE & A 4 U MERIKEME T
8% DI M F AR L TV D,

3. 3 YtoF FEET X =T EHWT, EBREN 12% 0 ks L L

Graetzel ##7 513, AHIEHIRZ AWV T, C101 &9 #H LWEAE TREHBBRNK 12% 0D
R E L~V EER LTS, 20 DSCOF X =TT " JE#HiEchHv . 18nm /i (E
J& 8.4pum), 400nm KK (= 4.8pum) & & 41D F / fEiTF 4 =T #HW\W =t D Th b,

4. TRET X =7 BREEMKOREE

THET X =T ROBBEEIL, MO TRESTH DL, Ythoan A XLTF =T =2k (X3
ZRR) T, ZNEBIEEEN T 2D E~2 7 U —HIRNE TR L%, 5 - Bk
WLV F X =TENPERSND, 450~500 COEILEE TR B L OFER E OBEXMa ¥
7 FBNEREND, TEEAZET DX, PST-18NR % 2 7 U — EIRI T8 A 18R L O
L. ZD%., PST-400C % [FEEIC 2 7 U — U HIRIT®A Lzt « Bepk L T @ A2 BT 5,
PST-18NRT |Z 60%FEED AR LD L 9 R EMBLAFETHF X =T BRIEKEEIN5,
X5z JgF & =7 EMEOEH SEM FE % 7~7, (b) DHGELE L 400nm D& ¥ 12 10nm
DINRLF 3 T 3 — AU TESM), AR 2 m EEETn g,

NR—2 NEWRT DT ¥ =T R T OREIT T % —8 T, B +£134 20 nm 3%

£3. UHOEES X =7 ~—2 | ORHE—K

Properties PST-18NR PST-400C
TiO2 Conc. (%) ~17 ~15
Coefficient of ~170,000 ~350,000
Viscosity(mPa.s)
Particle Size (nm) ~20 ~400
Mean Pore

. 18
Diameter (nm)
Porosity (%) 60
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— ST ¥ = 7 B OWE SEN T

HWTHD, 30nm ORLF RO T NA A PREEIEN [ E L, BRHNERT v 7T 256055,
ZoavaA XNVRORIE T, BIEAKBLBETERINTWD, ZOKESLHEIL, KR % K
ELTHEF TR, 7T E AR EmORELMIRE L, REITISERKBELHT 5, B
FEMEORWF X =T I ZEHETH Y | BEREICHE ) WREME T 203, KR Thi Mo/ \—=
L—YarailEw, o, EMEOEERELZT v 7852 Nk D,

5. JFZ=7FEMIIEET D Graetzel iz & D IL[EMFIE 5

T =T OXBELE O R Z PRI T 572 91T, Graetzel b & LRI A FE L7, &
KB L OEEEWREREO R D XA T DR % W T, JERGLE O YE TRk Z2 i ~7-, K 6
(2 2RISR ﬁ%bk40®547@?&%7ﬁ®%m%m?o%E@_E?5:7ﬁﬁﬁf
H5 (A) 1X. 20 nm /PRI THRE 3.4 pm O FEMNEA S, Z O 2 400 nm KK +12
HIEIE 4.6 pm OFETZ =T ERERERLI N TS, (B) 1T#H O 400 nm j(ﬁ%@?%ﬁ
IZSi02 % 20 nm = — ~ L7 (AFELWAE LARWERRE) M2 BElE s LTRHHL TV
(C) &, /PRI E RRLFEEORIC 10 nm >V 2 HWT 1.5 pm BED TV BiffiizEn
BRI TS, (D) 1%, BE45um 26T 2 Kh+F % =7 OLDOHJE TR I 1L, ik
EE BT 572920 %D 10 nm F% =T hi+%2RE L TW5,
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o TiO, nanoparticle ( 10 nm in diameter)
® Si0, nanoparticle ( 10 nm in diameter) O Si0, coated TiO, microparticle
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K4 MRAMHERLEEOLBHET ¥ =T HTO DSC FE—&

Cell Electrodes Jse/mAcm?2 Voo / mV FF 71 %
A TNL-TiO2 / LSL-TiOz 14.5+ 0.2 840 £ 6 0.72+0.01 8.8+ 0.1
B  TNL-TiO2/SiOz2coated SL-TiO2 12.6 + 0.3 845+ 5 0.71+0.01 7.6+ 0.2
C TNL-TiOz / SiO2 / LSL-TiO2 10.1+£0.1 836 + 5 0.73+ 01 6.2+ 0.1
D LSL-TiO: 7.8+0.1 864 + 4 0.75+0.01 5.0+ 0.1
E TNL-TiO: 9.7+0.1 834 + 3 0.74+0.04 6.0+ 0.0

K42 DSC OFEE R T AFHES A T (A)D @ F ¥ =7 O ML HE n 15 8.8 %& L
7=, HHELE 400 nm 7% =7 OFKHEIZ 20 nm O > Y A RKEERM LT b OIX, KHEMNE =
7.6 %I T Lz, T, YU Ha— LT 2 =T I130BWEEDHY . SEWIME T L
RS, HELE A EROREBIZL2ERMEOFGNMMET Lzl Thd, £, T/ F2=7)F
ERBELT ¥ =T ORI ) AifikglE 2 T2 b O, Bg L RIS OREHRDE 6 % F TIK
TL7z,

TEF 2 =TEEEE T, 3 RITEVOREBAEROENE U, JERELE B IR ER A K
iz EEE2 2 NP LI, 7205, KHEEBEROZERBEL TOREIZ L 2 ERMHEO
FHENEMNFET 3% DM EIZHY LTS, (D) A4 7OXBETF X =T OHETH, AFfE
WG BDMEWIZ S D BT IHRERNEN 5 % &) mVWENG O, ZHUTR RN K&
<, TTHE—ERMERBEL, T =7 n8H COBEBFILHBENRE <, ERbD RN &
&%,

400nm O KK 1&g & 20nm D /NKL1-Jg D DOS (Density of electronic states) 4t % | E
LA RZ2R5I1CR”T, 400nm K18 D DOS(1.4x1019)1%, 20nm K1 & (2.6x1019) D) 1/2
THY., ZAUE 400nm EIXTF ¥ =7 RAIZEZ L FET D EEONLEF T v 7 A Fpd
22 RLAFHNOBEFILBA N & Z2 R L TV D,
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# 5. 20nm & 400nm F ¥ =7 EJE ¢ DOS{Density of electronic states) D Lk

TNL-TiOz LSL-TiO2

Thickness / [Im 3.4 4.5
Specific surface area / m2 g1 79.7 27.1
Porosity 0.56 0.67
Roughness factor / [Im™! 138 + 2 35+1
DOS | electron states cm™

(2.6 + 0.4) x 1019 (1.4 £ 0.2) x 1019
V-1

K6 UHAN—ZX TR LEEEET ¥ =7 BBBEOE T ILHERE DE N

WA BT LR M) (um) - BE R (um)
PST-18NR 4.9 8.89
PST-20NRT 4.7 11.82
PST-21NR 4.8 11.95
PST-200C 4.7 12.01
PST-400C 4.8 16.93

IHIZ, BICYHDOKZFEIT L — FDOX—=X MEZHWTDSC Z1Ek L., ZDOEFILEHE%
HE LR 2 R4, 400nm Hi7 = (PST-400C)1%. 20nm FiF )& (PST-18NR) DK 2 (£
FIHELZ TR L, 7T —BRERBVRELSRD1FE., BFEBEIELS DI ENH- T,

6. £&®

WEBEN R OLEITIL, HHELIC £ 5 IPCE ) | & OGEGELIE B AR O B0 R O FE b B s %
HLTWAZERHM L, “BF¥ =7 iEid, HEME L L T 30%LL Lo
RO ENMFFTE S, HWE#HSFEIL, 20nm~30nm DKL 78 TEE 10~15pm D /NKi
J& & 400nm DR THRIE 4.5~6pm O KK FEO "JgF 2 =T FEHERTHELND, EF
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=T RIZE SICORSLBMIEOMABR LTI L D RELESMLETH D,

ZOX S IS ORI, BTIEBENE S, BB | oI AR & S HGEL
SHELRFETHONDZ ENHPAL TS,

DSC Dpi¥ik, TR OT=DITiX, B MEMEON L X0 Z i CRMED T ) AT
Uy FHMEZBIFET 20BN D 5, Yikid, Graetzel #i% & & D HFEHFSE 2 L TEPEbe DSC
DOERFTIEEMNLT D & & BT, Graetzel ZHRIXNLEOF /BT ¥ =7 2 AT, HEHS)
FH 12% DS m LV A ER L TV D,
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