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Scheme 1 Synthesis of organic dyes MXD8 and MXD9

SIREAE =I5 M HLYE MXDS - 7E 100 mL [BJEEASIHT , i A S 1(300 mg,0. 38 mmol ) | ZE .
T LR (95 mg,0. 5 mmol) |EiREE (87 mg,1. 13 mmol) F1 10 mL yK LR, 913 6 h, %240, A VKK, 4l
U, RKVE , LLATTTE ZEAE Z AT G VI & W Be) : VIR EE) =10:1,R, =0.3) 43455 201. 7 mg =5
B = e A LYk MXDS , 77 % 62% , mp 235 ~237 °C;IR, 0, /cm™':2956,2 928,2 869,1 701,
1577,1506,1492,1482,1414,1366,1326,1296,1199,1 183,1 105,794,684 ,523 ,495 467 ;'H NMR
(CDCl, ,300 MHz) ,5:0.42 ~0.56(m,30H),1.90 ~2.08(m,6H) ,2.84(m,6H) ,4.79(s,2H) ,7.06 ~
7.45(m,17H),7.76(s,1H) ,8.23 ~8.36(m,3H) ;" C NMR( CDCl,,100 MHz) ,5:13.70,13.76,13. 84,
14.50,14.55,14.59,17.29,17. 44 ,22.76,39. 14,39.30,55. 59,55. 62,55. 74, 119. 14,121. 22, 122. 27,
123.18,124. 64, 125.49, 125.95, 126.37, 129.58, 132.73, 134.02, 136. 71, 137.73, 138. 21, 138. 27,
140. 10,140. 26 ,144. 50 ,144. 64 ,144. 71 ,144. 86, 146. 44, 149. 99 ,153. 62, 155. 45, 168. 97 ; HRMS ( ESI)
CHN,0,S, [ M + H] * 3181} :963. 339 7, I :963. 336 0,
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1 080,750,695 ,595,495 ,473 ;'H NMR( CDCl, ,300 MHz) ,5:0. 42 ~0. 55(m,30H) ,1. 85 ~2.07(m,6H) ,
2.82(m,6H),2.88(d,4H) ,4.81(s,2H),7.05 ~7.63(m,17H) ,8.02(s,1H) ,8.26 ~8.34(m,3H);
"C NMR(CDCl,,100 MHz),5:13.68,13.72,13.80,14.48,14.54,17.29,17.43,18.37,22.75,31. 60,
36.65,39. 28,39. 39,55. 57,55. 62,55.70,58. 48 ,64. 64 ,67. 96 ,118. 43 ,122.29 ,122. 58 ,123. 61 ,124. 64,
124.97,125.39, 126. 01, 126. 33, 129.38, 137.90, 138. 18, 138.25, 140. 18, 140. 30, 144. 36, 144. 45
144.78 ,145. 42 ,147. 13,153. 59,153. 67,155.30,162. 95 ; HRMS ( ESI) C,H,,N,0,S,[M + H] " 214 .

1103.499 5, 52 {f .1 103. 496 5,



512 1) DGR 2 Bh = SR EE =7 MR ORI A B OB IR MR RE 1389

2 4iRSE

2.1 FEBEISLER

P 1O ORI S Be i 8 b 1 58 Al IR OB 3 (UV-Vis) | B B e 7 BeRE R R B i i i g
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Fig. 1 UV-Vis absorption spectra and emission spectra

of MXD8(a) and MXD9(b)
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Fig.3  Molecular orbitals of the HOMO and LUMO for MXD8 and MXD9
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Table 1 Vertical excitation energies, wavelengths, and oscillator strengths of
absorption spectra for the MXD8 and MXD9 “

Dyes State Assignment E./eV(nm) f

MXD8 1 H—L(0.86) 2.53(489) 0.76
4 H-2—1(0.90) 3.21(386) 0.27
5 H—-L+1(0.82) 3.51(352) 0.35

MXD9 1 H—L(0.86) 2.16(574) 1.07
2 H-1—L(0.82) 2.76(447) 0.55
8 H—L +2(0.76) 3.49(355) 0.27

a. incorporating the optimized model at the B3LYP/6-31G(d) level in vacuo; assignment: primary contribute for electronic transition, E,_ :

vertical excitation energy, f:oscillator strength; H; HOMO, L.LUMO.
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ﬁ”lz] 4 F)]"/j—_\‘o %? MXD8 E@j{ﬁﬁﬁg%f@ﬂ@@%%%ﬁ Voltage/ mV
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014 mV, JUFLHT I Jy 0. 66, BOEHFRALA () ;El‘iﬂﬂéf’}ii;‘:ij‘irffz}jnﬁfvﬁiiz J-V) curves and
H2.33% o MXDO 46 K B e BTl Y Joe IPCE spectra(inset) of DSSCs based on MXD8(a) and
5.31 x107" A/em’® I Vo ABXE MXD8 BEAREEZ .0 yixpo(s)
492 mV, SO HL 30RO 1. 72% o TE R 2% 1
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MXD9 {8 H e #3058 55 MXID8 A, = 22 Ji PR HC T e Fi SR AU o DSSCs PR HEL 752 5 2 5 M L
FE i L A BN R — A BB AR AL T 25 8 (), AT ARG DSSCs 9 FF i L™ DSSCs Yy
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Synthesis and Photovoltaic Performance of Two
Triarylamine Organic Dyes Based on Truxene

LIANG Mao, WANG Xuda, YUAN Ying, SUN Zhe, XUE Song "
( College of Chemistry and Chemical Engineering , Tianjin University of Technology , Tianjin 300384 )

Abstract The synthesis, characterization, and photovoltaic performance of two new organic dyes,
hexapropyltruxeneamino-rhodanine-3-acetic acid(MXD8) and hexapropyltruxeneamino-3 ,4-ethylenedioxythiophene-
rhodanine-3-acetic acid(MXD9) , were reported. The two dyes contain truxene-based triarylamine as electron
donor and a rhodanine-3-acetic acid as electron acceptor. It is found that the two dyes exhibit broad absorption
and high molar absorption coefficients. The ground and the excited state levels of the two dyes were determined
by using the cyclic voltammetry and the optical absorption spectroscopy. The results show the HOMO and
LUMO levels of two dyes are suitable for dye-sensitized solar cells. The dyes were applied into nanocrystalline
TiO, dye-sensitized solar cells through standard operations. Under simulated AM 1.5 irradiation ( 100 X
107 W/em®) , MXDS sensitized cell afforded a short-circuit photocurrent density(Jo.) of 5.76 x 107> A/em”,
an open-circuit voltage( V) of 614 mV, and a fill factor(FF) of 0. 66, corresponding to an overall conversion
efficiency () of 2. 33%. In contrast, though 3 ,4-ethylenedioxythiophene (EDOT) unit was introduced as the
a-bridge, MXD9 sensitized cell gave a lower efficiency of 1.72% . A significantly larger extent of charge
recombination between the injection electron and 1, and/or I, acceptor species was found for MXD9 dyes than
MXDS8 dyes based on the electrochemical impedance spectroscopy measurements, consequently, leading to a
lower efficiency. These results suggest that the charge recombination may be correlated to the increased
polarizability of the larger truxene-based triarylamine dyes. From our findings, we propose that the
functionalized-truxene is a promising donor unit for the future development of organic sensitizers.

Keywords dye-sensitized solar cell,organic dyes,power conversion efficiency, truxene



