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Synthesis and Photoelectric Properties of Coumarin
Type Sensitizing Dyes
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Abstract Two novel coumarin type sensitizing dyes were synthesized with coumarin group bearing electron-donating group
as donor, thiophene as m bridge and cyanoacetic acid as acceptor. Their spectral, electrochemical and photoelectric properties
were evaluated. The results suggest that both dyes have the molecular orbital energy matched with the conduction band of
TiO, and the redox potential of the electrolyte I,/I , which ensures the production of the current cycle in the cell. Compared
with 2-cyano-3-[5-(7-methoxy-2-o0x0-2H-chromen-3-yl)thiophen-2-yl]acrylic acid (IIIb) bearing methoxy group, sensitizing
dye 2-cyano-3-[5-(7-diethylamino-2-oxo0-2H-chromen-3-yl)thiophen-2-ylJacrylic acid (IIla) bearing diethylamino group on
C-7 of coumarin ring shows improved absorption of intramolecular charge transfer and the red shift of UV spectra. Dye sensi-
tized solar cell (DSSC) based on IIla has reduced back current and better IPCE (incident photo-to-current conversion effi-
cient) and Jy., which leads to improved photoelectric conversion efficiency (J;.=8.68 mA/cm?, V,,=574 mV, n=3.52%).
Keywords coumarin; synthesis; sensitizing dyes; photoelectric properties
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TTZIKTE. Hara S04 0 T — R 2 52280k
BAL I 7, SC IR ik B 8.2%; I Kim
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B LR PRHBAL RIS 7, BN 5.97%; Tife! )
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Figure 1 UV spectra of coumarin type sensitizing dyes IIT
(a) In CH;CN-DMSO cosolvent (VCH3CN . Vomso=24 . 1); (b) on sensi-

tized TiO, electrodes
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R FERIYOBHBALH I 6~ 15T
Table 1 Optical properties of coumarin type sensitizing dyes
I

Compd. Apg/nm e/(Lemol 'cm™Y)  Apa’/nm Aem’ /MM
II1a 496 45150 384 600
IIIb 428 41950 389 499

¢ Maximum absorption wavelength Ay, and molar extinction coefficient at
Amax Of dyes measured in CH3CN-DMSO cosolvent (Vepzen © Vomso=24 ° 1);

» maximum absorption wavelength Ay, of dyes on sensitized TiO, electrodes;

¢ maximum emission wavelength measured in CH3;CN-DMSO cosolvent

(Vemson © Vomso=24 1 1).
1.3 FRFHFIREBELFENER

7E G R R BHAE Fa it b, BRI 1 A
S B SR S PN SR 2 NP VN 2 5 T R E e
T, EmHL . B, JORHBUL IR T R R AL
WK BE, 1T T A S M AR SR A, TR
ASHFREMAEAN Tio, S (BN 4RI ELomo 7
TR P REN Ew), PAKRE LRI SZ HL 158
S — UG IR (RN G BHBAL T Enomo (& T HUME SR A ML
AT, W T G ERYRHRFITE Tio, Hfk &
G IRAR &2 ih 2k, HOMO BEZ TG IR 22 i 25 1) 28— 4
IR AT Eo £33, SER TS 2 1A R FBAY. E,
Bl AN T Ag/Ag S ELH R, H5 LIS N AT
Pt &L AR (NHE) (¥ FLAT LUE T L 88, Bl E=E,+
0.197 V. LUMO B Eumo=Eox—Eoo tH5AFH]. I
153 R AE (Eo.0)H Eo.0= 1240/ Aine KT, A HIH—1L
(GRS Bl R ¢ Y6 A S e AHAS AL i K, s 41
T3 2. WL, FEEBEPRBULTIN Eromo BT
KAWL, b TiO, M3 REHR(—0.5 V vs. NHE)ZLf7,
TGRSR G T REIRE N TiO, S5 b =28 F,
HI Eqomo HEHUE T /1 FAXT I BESR(0.4 V vs. NHE) %
IF, RWHBESGFRRENE T2 TiO, B 5, ERIME
G RHER 2 Bl AT 8252 PR R, S LR
THER.

F2 F ORI TIT (0L

Table 2 Electrochemical properties of coumarin type sensitiz-

ing dyes III

Compd. Ain/nm Eo’/V vs.NHE Eoo/V  Erumo™/V vs. NHE
Mla 540 0.90 2.3 —1.40
b 460 0.62 2.7 —2.08

“Intersection of the normalized absorption and emission spectra. * The oxida-
tion potential Eo in CH3CN-DMSO was determined from cyclic voltammo-
grams and used to describe the ground-state energy HOMO. © Ey, was calcu-
lated from Eo.o=1240/Ain; d ELumo was calculated from Eo— Ej.o.

P T H AL 2 BT AT SR B2k ik K BH g i
R T A5 SR ADL RN L 7 i R B AR, DRI 8 FH SR DA
FAE DSSC L FHE AWM. B 2 ¥ T & 5 =4 R
AT H AL 2ZE BEPT AT Nyquist B AT Bode . — %, 0.1~1
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Figure 2 EIS for DSSCs based on coumarin type sensitizing
dyes III

(a) Bode, (b) Nyquist

Hz RARAT X 6 N, 1 FL AR T 15 £E v rp A3, 1~
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i, 5 IIb AHLL, TIa Ry 25 2E 560 1) F BH AT B 2 1 o,
F W 1Mla BEAE TiO, R HI'E % HHES, Wb T HLfig SR B
Wz (R AH e fih, MO T 3OS Gk N TiO, 3
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fE RAN 5 5 7= A IO RS PRI, SO i R A e, (A
B T b e g
1.4 FRISULTIRT L B EEHR 4 R

KA 400~800 nm HL (AR FEE LUK FIB IR HLIR 1,
14 3] B e B AL % TPCE (incident photo-to-current
conversion efficient), LK 3. 7 & 2 4L RHE{L 571 IPCE
2k EEMLE 400~600 nm 2 [f), SHAEK TiO,
F AR R W 6 i — 3%, TMa () IPCE #h<k F %8040 T
400~650 nm ||, fF 440~580 nm Z[Af5 —F&,
IPCE #5 KAl N 76%; THIb f¥] IPCE Wi 5 fil 7, T4
Iy HAE 400~550 2 JA, 7E 400~500 nm 2 [Alf —F 4,
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Figure 3 IPCE curve and current-potential curve (inset) for
coumarin type sensitizing dyes III

K3 FHFURGBEALH I ) DSSC RS H
Table 3 Parameters for DSSCs based on coumarin type sensi-
tizing dyes II1

Compd. J/(mA*cm™?)  V,/mV FF /%
IlIa 8.68 574 0.71 3.52
I1Ib 4.00 523 0.73 1.52

2 Zi

R U TR R B TR AE AR, ey LA
M, WA, AT A MR A
“D-m-A” SRR G R TYSRMEL . A RER 2
T P FEL A 2 A WIS e AR o (1) PR KW' R 8, LR B 21
TiO B R AL T — e FEPE RS . S Rl b B fb 5] 1)
AL SR R, I THUEREH S TiO, HLRkT)
S LS HAR T Ty/1 A SR FL A AR DT IE, AT PR IR
T RS RRENUR TN Tio, S5, AL
ML, RIS BE N HL R TR H 7 ae . S5 AT
AIIRHI A G Z R LRI R, BA Mt FREI R
SRIK . LRI BALTIAL Y DSSC HAT# ¥ lf IPCE
Wi )35 [, IPCE fpe A AE W W S f v, ELEL AT 588 i 1)
R % L, ARk 3.52%.

LI AhHoE e e RIS, FE R
BHE 77 I (R 5 LA A, /DT 10 mA=cm 2,
S HECROE A RCRE AR, X5 I RO B A
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(400~600 nm). HLF{FEARCRIEA K. KmdE—2 &4
A PAE SRR SR BUL R AR R, ¥ o
TR O M, BT R RIS, B R
1) 6 1% W A S TR, 2 v Pt 1790 P 3 N 28805 R i i
W, SCE R ECR, XSS AR AT R TAE.

3 KIS
31 E5IRF

4 LHF IR L 4- A I KM BEWy L)
T 21 P HoAl 5 FHARF A 22 4R AL X4 7 B
7 S AR 52 4 Bruker Avance 11T 500 MHz B A% 1
JLPRAY; Shimadzu UV-2550 “&4h—1] WLYGi%4%; Hitachi
FL-2500 spectrofluorometer — 4 ¢ 5% % i {X; Thermo
Finnigan LCQ Series, Agilent 6210 Series Time-of-Flight
JIIE{(ESI/APCI).

32 B ZENEHFIMER
32,1 3-Q2-Ep i) -F 2 E ISR

FHAC K100 mmol) 5 HEM) 215 (120 mmol)#
+ DMF (30 mL)*+, MARER((200 mmol)FRIE(200
mmol), MIFAMEIG 6 h. ¥, H7KQ20 mL), #r KEDT
VE, HhIE, KGO0 mL X 5Pk, PR OmEd, T
PGS 2] LR A Ak, Ta: i 87.5%, M AT 128~129
C; Ib: YK 85.0%, M5 124~125 C.

322 5-(2-# A -2H-F ek -3- 2K e-2- F B (D)
ERECDY

VKB B TR, ¥ POCL (2 mL)Z A
DMF (2 mL), $i#t0.5h, f42] Vilsmier 7). ¥ 1(5
mmol)¥% - DMF (15 mL)*, A Vilsmier i, 7t 60
CTHFRMN 8 h. W&, B RMNBEEAIKAKBO mL)H, H
10 %[ NaOH KA~ pH="7, M1 KEDIE. g,
H7KGB0 mLX 5Pk, KRS OREER, T EHE R
RSO EAR. IMa: K 82.4%, 4555 185~186 °C; Ib:
WK 84.9%, K5 164~165 C.

3.2.3  2-#H-3-(5-(2-# A 2H- K 5Ptk -3- 35 ) -
2-35) 7 M BE (T 64 A A,

I (2 mmol) MG IE 4R (4 mmol) T 415 (30
mL), FIMAUREE0.5 mL), J#AMIGE 6 h. ¥, HiiE,
H 4520 mL X 3)ptik. T4, CHCL; H4h b, 133040
4.

Ila: Y% 87.3%. M5 5 282~283 C; 'H NMR
(500 MHz, DMSO-dg) 6: 8.67 (s, 1H, CH=CCN), 8.43 (s,
1H, coumarin-4-H), 7.98 (d, /=4.3 Hz, 1H, thiophene-H),
7.86 (d, J=4.2 Hz, 1H, thiophene-H), 7.57 (d, J/=9.0 Hz,
1H, ArH), 6.83 (dd, J=9.0, 2.3 Hz, 1H, ArH), 6.65 (d, J=

http://sioc-journal.cn/ 1003
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2.23 Hz, 1H, ArH), 3.50 (q, J=7.0 Hz, 4H, CH,CHj3), 1.16
(t, J=17.0 Hz, 6H, CH,CH;); HR-ESI-MS calcd for
CH16N>04S [M—H]™ 393.0909, found 393.0927.

IIb: W 75.6%. #5:5>300 C; '"H NMR (500
MHz, DMSO) J: 8.83 (s, IH, CH=CCN), 8.45 (s, 1H,
coumarin-4-H), 8.01~7.97 (m, 2H, thiophene-H), 7.77 (d,
J=8.7 Hz, 1H, ArH), 7.15 (s, 1H, ArH), 7.07 (d, J=8.7
Hz, 1H, ArH), 3.91 (s, 3H, OCHj;); HR-ESI-MS calcd for
C1sHoNOsS [M—H]~ 352.0280, found 352.0293.

3.3 gk B b FE AR

YURLES AR AR e th 2l i 22 [H) PAR EG&G
AT M283 fHHASGEATI &, R = AR R, B
HRR ok TAE A, 407 FaRl ok 4 Bh i, Ag/AgNO; HL
Wl 2 LM FELEBCA 0.1 mol/L TBAP 1) ZJEHE.
EIS X JH 36 R 3 i 23 =] ) PARSTAT2273 Hifb2 T4
s AT, f—0.6 V.

34  FRIEILKBIRAIHE R B ERAREE

FIFH 22 W9 BRI 25 TRRUZ TiO, A0Kobi 1A 4 ok
MR B SELE S FTO BT —2 12 pm JE /9 20 nm
(1) TiO, ki F(DHS-TPP3, Ki&E-L e KBHRERHE T KA
FRAF]), 450 CF IR Bike 30 min. ERZEIZ
PRI BE N 0.04 molsL ™' [ TiCly, /K% 70 C
THAREE 30 min, 48553 A FHZKFI SEPEE, FRIRORIRT
Z g 450 C R RS 30 min Ji5, WEIZ 80 C
JRA3X10 “molL ™" Bk LN 5 DMSO %l =
24 h k. xFEBRIREI%: SR WER T, K
IR ) HoPtCle W ENRIAE FTO SHIBEES I, 4RJ5 400
CHBIpess 20 min. AR TiO, HARAIEIXNT H
WA — WIIR g5 4, ThIRIZE 60 pm JE IR 3 T RSB &
¥ Surlyn 1702 (DuPont) kst e 48 % ). TiO, HAR ¥ T
FHA 0.36 cm ™ (B 6 mm X 6 mm). 7EXF A% B /NFLAL
T 0 FEL AR (DHS-E23 7Y, KaE-B 6 K FH AR
TERABRA R, R LA [FIEEAR G L Py 3. )
HL B /N LA Surlyn 1702 F1—/NHei# B (0.1 mm
JEYE Ik 5
3.5 HithERHFL B ERERIIK

FLA T DR R TPCE ] SM25 406k
JETH(HA JASCO A w])I5E. e H - HL Rt 1 i 2k 1)
MAAGEF A LK 98BI B Hifk 2% T./Eufi(Lanlike, KT
22 Sy RHMEE B m AR PR A )RS, B
i AM 1.5G KPHALI2$(SSS0AAA Y, SE[H PET A ),
HIB A 2K AN 0.16 em?,
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