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MRS O EE (3530) - Molecular design, synthesis and evalutaion of double indoline dyes were
examined and obtained the information (1) to (4):

(1) The oxidation potential of dyes should be more positive than ca. 0.3 V vs Fc/Fc* (more stable
than -5.05 eV by DFT calculations).

(2) The Cyclopentane, p-phenylene, and one of the phenyl moieties could weaken n—n stacking
of D149 ethyl ester.

(3) When long alkyl group is introduced in N-(2-alkoxyphenyl) indoline dyes, both Js. and V. were
improved.

(4) A novel indoline dye, in which a double rhodanine acceptor is attached by way of
p-phenylene spacer, showed the best performance when lithocholic acid was used as a
co-adsorbate.
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Table 1. Physical properties of indoline dyes

Compd Amax (& /nm Frad MM RFPP ERS/V En-Ego®/V
1 396 (24300), 555 (56200) 712 5 -011 213
2 386 (26500), 549 (66500) 700 20 +0.15 -1.88
3 387 (27500), 546 (78300) 633 217 +0.30 -1.80
4 385 (21800), 538 (65600) 608 100 +0.40 175
5 381 (24000), 521 (68800) 584 48 +051 -1.73
6 383 (27700), 516 (68200) 578 40 +0.53 -1.73

2Measured on 1.0 x10"°> mol dm® of substrate in chloroform at 25°C. Relative
fluorescence intensity. ®vs Fc/Fc* in acetonitrile.
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Table 2. Photoelectrochemical properties of indoline dyes?

Compd  Amax (€)/nm  Absorbance IPCE /% .]Sc/mAcm'2 Vo !V ff nl%

1 529 250 9.3 0.96 042 055 022
2 517 241 50.8 5.83 056 0.65 212
3 516 233 79.1 10.29 061 0.65 4.08
4 519 243 80.8 9.80 061 0.68 4.07
5 479 2.38 78.8 8.36 063 0.69 358
6 486 2.46 79.3 8.31 061 066 334

2In all cases, two molar amounts of cholic acid for dye was used during adsorption process.

Photoelectrochemical measurements were performed under AM 1.5 irradiation (100 mW
-2

cm™).
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Figure 1.  Energy diagram.
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Figure2. 3-my crystallography of D149 ethyl ester. Hydrogen atomes are omitted for clari fity
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Table 3. Properties of indoline dyes

Compd Amax (¢)* /nm Fma RFI? Eg’

ExEoo? 6°  HOMO! LUMO!
nm \ \ ° eV ev

7 384(24,100), 543 (70,100) 606 78 040 -173 548 506 @ -2.24
8 383(23,900), 545 (74,600) 607 96 039 -174 547 504 -2.23
9 383(22,700),545(69,700) 605 101 039 -175 550 504 -2.22
10 384(27,600), 547 (78,800) 606 100 0.38 -1.75 555 -5.04 -2.22
11 384(26,000), 547 (78,100) 608 100 039 -173 550 -504 -2.22

2Measured on 1.0 x 10°® mol dm® of substrate in chloroform at 25°C. “Relative fluorescence
intensity. °vs Fc/Fc* in acetonitrile. 9Obtained on the basis of E,y, UV-vis absorption band,
and fluorescence spectrum. “Calculated dihedral angle. fCalculated by the B3LYP/6-
31G(d,p)//B3LYP/3-21G level.
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Figure 4. Optimized structure of 11.
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Table 4. Properties of indoline dyes

Compd Amax (&% 10m Frad RF Ey’ EocBo’ 6°  HOMO' LUMO!

nm \% \% ° eV eV

7 384(24,100), 543 (70,100) 606 78 0.40 -1.73 548 -5.06 -2.24
8 383(23,900), 545 (74,600) 607 9 0.39 -174 547 504 -2.23
9 383(22,700),545 (69,700) 605 101 0.39 -175 550 -5.04 -2.22
10 384 (27,600), 547 (78,800) 606 100 0.38 -175 555 504 -2.22
11 384(26,000), 547 (78,100) 608 100 0.39 -1.73 55.0 -5.04 -2.22

2Measured on 1.0 x 10> mol dm3 of substrate in chloroform at 25°C. PRelative fluorescence
intensity. °vs Fc/Fc* in acetonitrile. “Obtained on the basis of E,,, UV-vis absorption band,

and fluorescence spectrum. ©Calculated dihedral angle. fCalculated by the B3LYP/6-
31G(d,p)//B3LYP/3-21G level.
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Fig. 5. Photoelectrochemical properties of 7-11. a) normalized UV-vis absorption spectra on zinc oxide, b)
IPCE spectra, c) normalized IPCE spectra, and d) I-V curve.
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Fig. 6. Electron life-time of 7-11.
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Tabe 5. Properties of GU104

Amax (& / nm Frod  Eod Egx-Eoo® HOMO? LUMO? e
Compd m Vv Vv eV eV
GU104 392(15,100), 541 (34,600) 642  +0.44  -1.67 535 -260 1.02

Measured on 1.0 x 10" mol dm® of substrate in chloroform at 25°C. Pvs Fc/Fc* in DMF.
°Calculated on the basis of E,, and 4. “Calculated by the B3LYP/6-31G(d,p)//B3LYP/3-21G level
©0scillator strength calculated by the INDO/S method.
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Figure 9. Photoelectrochemical properties of GU104. a) UV-vis
absorption spectra on zinc oxide, b) normalized UV-vis absorption
spectra, ¢) IPCE spectra, and d) I-V curve.

Table 6. Photovoltaic properties of Gu104 on zinc oxide

R Addiivegt AdS0rbed GU104 A o
un Itives - —

mol cm mAcm? v %
1 CA 3.22x 10'2 7.67 062 071 335
2 CDCA 281x10° 8.09 064 071 3.67
3 LCA 3.21x 10° 8.53 0.64 072 393

aTwo molar amounts of cholic acids for GU104. PAM 1.5 irradiation (100
mw cm?).
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