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Dye—Sensitized Solar Cell Using Organic Dye MK-2

— Influence of Dye Adsorption

Solvent on Solar Cell Performance —
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Abstract

We investigated the effect of a dye-adsorption solvent on solar cell performance; a dye-sensitized

solar cell using MK-2 dye, a pure organic dye, was used. It has been proved that dye-adsorption solvents

significantly affect solar cell performance. A sol

ratio of 4:2:3 (by volume) exhibited higher efficiency (8%

vent composed of ethanol, t-butanol, and toluene in the

) than the conventional dye-adsorption

solvent, toluene. It is speculated that the polarity of the dye-adsorption solvent affects the interaction

between dye and TiO, photoelectrode. The optimum interaction induces a high photocurrent, Jsc,

resulting in high solar cell efficiency.
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Fig.1 Molecular structures of MK-2 dye (a), NK-6037 dye
(b) and Deoxycholic acid (DCA) co-adsorbate (c)
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Fig.2 UV-vis. spectra of MK-2 dye in different kinds of dye
adsorption solvents

( A : Toluene, B : Tetrahydrofuran, C : CH;CN : t-BuOH :

Toluene=1:1:1,D:EtOH : t-BuOH : Toluene=4:2:3)

PN e
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Fig.3 UV-vis. Spectra of MK-2 dye adsorbed on TiO,
photoelectrodes from different kinds of dye solvents
( A : Toluene, B : Tetrahydrofuran, C : CH;CN : t-BuOH :
Toluene=1:1:1,D : EtOH : t-BuOH : Toluene =4:2:3)

Table 1 HOMO-LUMO energy levels and band gaps of MK-2
dye adsorbed on TiO, photoelectrodes from different

kinds of dye solvents

HOMO level Gap LUMO level
[VvsSCE] E,[eV] [V vsSCE]
Solvent B 0.65 1.86 -1.21
Solvent C 0.65 1.82 -1.17
Solvent D 0.71 1.77 -1.06
Toluene X% 0.72 1.85 -1.13
3
-
LUMO
1,12 o
0.7 freepr
+02 [
+0.73 fomep

HOMO

F:Sn0; TiO; MK2 Redox Pt

Fig.4 Energy diagram of dye-sensitized solar cell composed of
TiO, photoelectrode, MK-2 dye, I/ redox and Pt

counter electrode.

Table 2 {Z YFEEME NN & Ti0, YA EAREE 11-12 pm) |
4 BEOGRBEER S AT MK-2 BFRERE é@cﬂ’ﬁﬁz
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mERDHE, BAREEEEA, B, CEAVTHER L 2%
R AR B BT 6.8-6.9 %N L CEBRWHE
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OEWIEEL LTI OEWIES EELLNS, BFEE
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ERT6OOEREREB(F I Fu 7 7)) T 1.5x107
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DRI S AR AHRR I R 22 hh o 7,

—7J7. DCA % 5mmol L ¥R U7z 3 > DA R A AT %
AW HEa0ORE A2, BFREEENB, C. D&
Bt Bicon, BEREER 03107 mol cm?, 0.9 x107
mol em™, 1.6 x107 mol e DNEIZHEMN L, KEBEAMAE 1
b 44%, 64%, 12%&MELT, AREEESEMNT
DITTEN I ML, KEFEMMERENE L AL L, &
T Vo WiEETHA L, FF IR0, KISk
ETEET I ARELRENVI L35, DCA ZEML
T EREERER T, FOBEEENARBERICKER
HEEPRIFL, ORLEREL KBEAMEICHERDH D -
EDB B NT AR o T, (EREMETTHET T b OB IR AT
BB % 2354 TiO, SBEMHREIZIZE < O DCA DS
L, BEOEEEITDR, TiO, WEMBEICIL, IR
IZDCA PBETIHLDEEZOND, —F, BETT o
MO RBRBFEE D TIE, DCA OWENL R AF
DREBENRE, BF L OERFEEOMMECHEERE,
THE DCA & DR AMERICEEEZ L7 1 b D DCA
& TiO, KEHHKE L ORERSICHEERIFT LD L
A Hivd, Table 2 175 L 5 ICEFERBRE D T
DCA & ANT=38E & AN WEA THAEREREEIIRE
REACIT/2, DCA MEEWERGE D LV HEER %
RO LT\ A7 EEL b5,

TR E LB E OBFRE, L0PRICT S
Table 2 T8 L4172 7 DD KEEMD Iy, Voo, FF, 1 & AFEH
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Fig.5 Frontier molecular orbitals of HOMO and LUMO of
MK-2 dye obtained by simulation using DFT on
GGA-BLYP functional

Table 2 Performance of MK-2 dye-sensitized solar cells

Adsorption Addition Jse Amount of dye
sobvent PR A omy Voo (V1 FELD DAL e
[mmol L]

A 13.6 0.73 0.69 6.9 2.4

B 0 14.1 0.71 0.68 6.9 1.5

C 13.9 0.74 0.67 6.8 2.0

D 14.9 0.73 0.67 7.2 1.8

B 8.4 0.72 0.73 4.4 0.3

C 5 12.6 0.74 0.68 6.3 0.9

D 14.6 0.74 0.67 7.2 1.6
A ; Toluene, B : THF, C : AcN : t-butanol : Toluene =1 : 1 : |, D : Ethanol : t-butanol :

Toluerie = 4 : 2 : 3, TiQ; : thickness 1} um, Area 0.253 cm’, Electrolyte : 0.1 moi L Lil,
0.05 moi L 1, 0.60 mo! L™ 1,2-dimethyl-3-propyl imidazolium iodide, 1.0 mol L' 4.TBP
AcN solvent, AM1.5 100 mW em™

16 0.8
; A g 4 Al
14 '
- t /e ]
sy . 4 06
5t / 1
g0 f / =
A 1047,
- o .‘ g, N o
cef T 1 =
<
E P ® J
2 4F o A V. q02
B rr ]
2r ’ 2
0 :I £ N W U S T N T S N WY SO WO VN H WO O S 0
0 5 10 15 20 25

Amount of dye adsorbed [><10'8 molcm'z]

Fig.6 Relationship between adsorbed amount of dye and I,
Voe» FF, nof MK-2 dye-sensitized solar cells

EEORRE Figo Io7 1y M, I 3RS aEEIC)
FILTHEML, BEAEER 1.8x107 mol e FREE THEAK &

2B, TR ETREEERENEMLTY I 3883F0 L,
BT ANRREETIELARY, —FH, Vo It &3
WA BAEANL T HRE 222572 < FF 032
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Dl (- TI DIET LD RN EFREND, Z0LD
IR EROBEREN. Thbi AV aERBRKEE
HOMREICRE S BETLZLRELNE 2o, AR
BERGEM O KR E R ERERBIR - TH 5 I, 1T TiO, JeEiH
RENZHAE L-ARBICEELZIT 5, FOREREERT
BERERRIZ L > TEERRITD, RECREROEE
1 ABRER ORI TS CERB 2 EEIc Rt LT,
REHOODWIEh EFE G E) LA (14
PRI E) IR THERBZE AL o7,
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HBEME A CIADEEEICT D Z E BN TV B, 2P
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Table 3 Performance of MK-2dye-sensitized solar cells using

light-confined TiO, photoelectrodes

Addition of

Adsorptio J Amount of dye
sobvent | DCA € o VeVl FFEL miwy ST Y
[mmol L] [mA cm™} [ mol em™]
A 13.9 0.74 0.69 7.1 2.5
B 0 14.0 0.72 0.70 7.1 1.5
C 14.4 0.75 0.69 7.4 2.1
D 15.8 0.74 0.68 8.0 2.0
80
g
[54]
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Fig.8 IPCE spectra of MK-2 dye-sensitized solar cells using

NN type and NMS type TiO, photoelectrodes
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