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Abstract: Three novel D--A type organic dye sensitizers based on BODIPY derivatives featured with BODIPY
as m-conjugate bridge, N-phenylcarbazole linked BODIPY unit with different active positions as electron donor
and cyanoacrylic acid as electron acceptor were designed and successfully synthesized. The structures of these
synthetic dyes CB1~CB3 were characterized by 'H, *C NMR and MALDI-TOF-MS. The photophysical properties,
electrochemical behaviors and photovoltaic performances of these dyes were measured and the relationships
between the structure and property were further studied by density functional theory calculations. The absorption
spectral of CB1~CB3 ranged from 420 nm to 600 nm. Their LUMO and HOMO levels were located on about 3.7
eV and 5.2 eV respectively. CB2 exhibited more excellent photovoltaic performance than CB1 and CB3 due to

the more planar structure and more suitable conjugation length, which resulting in broad absorption and better
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intramolecular electron transfer property. Under AM 1.5 (100 mW - cm™) irradiation, CB2 sensitized solar cell give

1.49% total photoelectric conversion efficiency with open circuit voltage (V) 550 mV, short-circuit current

density (/J.) 3.71mA -cm™ and fill factor (FF) 0.73.

Keywords: dye-sensitized solar cells; organic dyes; photovoltaic performance; BODIPY
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WEET1E R Ye okt 5 90Kk Z 1L Tio, I 25 T Je bl
Ak K BH fi H 3l (DSSCs) LA K | Y BH R 40 K & Tio,
X B i v e AR 1 I ) 8 B A R e 11 D16 HL e 4
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(40 mg,0.03 mmol),K,CO5(2 mol - 1.7, 3 mL)}ﬂlm/%:L”ji
W (30 mlL), flt L= | B 4 G, AR BT B
W, BHEEZR MA 100 mL KFE B FH & H ke
W, A E K PEY 3k, B CK
MgSO, T, e 28 K B L) K™ i 28 ek i
2N, 155 248 mg WL LRI AW 3a, K
85%,. 'H NMR(400 MHz,CDCly):6 10.14(s, 1H),8.15
(d,J=7.6 Hz,1H),7.97(s,1H),7.63(q,J=7.4 Hz, 4H),
7.49(dd,J=19.9,10.8 Hz,4H),7.35~7.29(m, 1H),7.22
(d,J=8.3 Hz,1H),3.23~3.08(m,2H),2.82(s,3H),2.79
(s,3H),2.57(s,3H),2.44(s,3H), 1.80~1.67(m,2H), 1.56
~1.50(m,2H),1.42(dd, J=14.1,7.1 Hz,2H),0.95(t,J=
7.1 Hz,3H), “C NMR (101 MHz,CDCl,):6 186.26,
159.89,155.33,148.70,141.34,140.42,138.94,137.68,
137.47,134.23,130.03,127.99,127.77,127.13,126.48,
125.87,124.00,123.68,123.03,121.94,120.39,120.32,
110.08,110.02,32.51,31.63,28.85,22.56,15.07,14.09,
14.07,13.01,12.65,
1222 &Y 3b G K

£ 100 mL 1 = AR IMAAL S Y 16 ML &
Y2, MEMEBAEEY 3a 1977575 3] 230 mg 1
LI BRI G 3b, 77 % 80%, 'H NMR(400 MHz,
CDCly):8 10.13(s,1H),8.20(dd,/=12.9,7.9 Hz,2H),
7.65~7.55 (m,4H),7.51~7.42 (m,3H),7.36~7.30(m,
1H),7.22(s,1H),7.11(d, J=7.7 Hz,1H),3.17~3.07 (m,
2H),2.80(s,3H),2.77(s,3H),2.52(s,3H),2.39(s, 3H),
1.78~1.62 (m,2H),1.53~1.46 (m,2H),1.39 (dd,J=
13.8,6.8 Hz,2H),0.93 (t,/=7.0 Hz,3H), “C NMR
(101 MHz,CDCly):8 186.22,159.30,155.52,148.92,
141.39,141.00,140.21,139.24,139.18,137.43,134.06,
130.25,130.06,127.74,127.07,126.39,125.96,122.98,
122.08,120.48,120.42,120.33,111.27,109.96,32.47,
31.55,28.80,22.51,14.99,14.04,13.92,12.99,12.65,
1223 AW 3e AR

£ 100 mL 1) = FUR P I AL S Y 1c AL &
Y2, MEMEBAEEY 3a 19771515 3] 250 mg 1
gL EERIL 5 3¢, 77 % 86% ., 'H NMR(400 MHz,
CDCly):8 10.15(s,1H),8.17(d, J=7.4 Hz,2H),7.70(d,
J=7.2 Hz,2H),7.51(s,2H),7.46(d, J=6.5 Hz,4H),7.32
(s,2H),3.17 (t,2H),2.83 (s,3H),2.81 (s,3H),2.63 (s,
3H),2.50 (s,3H),1.74 (s,2H),1.54 (d,/=4.6 Hz,2H),



84 Pl e

#o% 4R %32 %

1.43(d, J=6.5 Hz,2H),0.96(t,3H), *C NMR(101 MHz,
CDCly):8 186.34,158.42,149.58,140.67,137.39,131.73,
128.76,127.08,126.08 ,125.86,123.58,120.48,120.26,
119.64,116.62,109.78,109.73,32.53,31.66,28.92,22.57,
15.09,14.10,14.01,13.10,12.79,,
1.2.2.4 4Lk CB1 WG K

] 100 ml = Ff T AR A AL & ) 3a(180
mg,0.3 mmol), TR (50 mg,0.6 mmol), ZJE(20
mL) 05 (20 mL) IR BE (0.2 mL), 7E& TR ,80
CHE 24 h, WHEZEE, RV IEFEA 50 mL —&
e rh i B, KUk 3 K (3x50 mL), A HLAHICK
MgSO, T4, e 28 R BR R ) M= W 2 AT
VTV iV em e m=10:1), 75 2 156 mg I 2T {4 [& {4
AR, 7% 80% ., 'H NMR(600 MHz,DMSO0):56 8.30
(d,J=7.7 Hz,1H),8.23(s, 1H),7.90(s, 1H),7.68(dd , J=
20.7,7.1 Hz,4H),7.56(t,J=7.3 Hz,1H),7.45(t,/=8.0
Hz,2H),7.39(d,J=8.4 Hz,1H),7.34(d,J=8.3 Hz, 1H),
7.30(t,J=7.4 Hz,1H),3.11(t,2H),2.48(s,3H),2.47 (s,
3H),2.42(s,3H),2.41(s,3H), 1.64(dd, J=14.8,7.7 Hz,
2H),1.48 (dd,J=14.6,7.5 Hz,2H),1.40~1.37(m,2H),
0.90 (dd,J=7.2,3.4 Hz,3H), “C NMR (151 MHz,
DMS0):6 163.65,155.53,150.83,148.31,141.58,140.94,
140.69,139.87,139.12,138.45,137.62,137.39,137.19,
135.60,132.20,132.00,130.99,130.61,129.12,128.85,
128.28,127.18,126.07,124.62,123.50,123.10,122.79,
121.35,120.70,120.26,119.32,109.92,109.45 ,32.34,
30.46,29.02,22.31,19.11,15.37,14.81,14.01,13.17,
MALDI-TOF-MS ,m/z : Caled. for CyHssBF,N,0,[M]*
654.300, Found :654.307 ,
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FHZEMLT A R CB1 1Y 5 245 8 140 mg ¥
gL AR K CB2, 7 % 75%, 'H NMR(600 MHz,
DMSO0):8 8.34 (d,J=7.8 Hz,1H),8.29 (d,/=7.2 Hz,
1H),7.89(s, 1H),7.68~7.64(m,4H),7.53(d,J=6.1 Hz,
1H),7.48 ~7.44 (m,1H),7.40(d,J=7.9 Hz,1H),7.34~
7.30 (m, 1H),7.21 (s,2H),3.05 (d,/=0.8 Hz,2H),2.46
(s,3H),2.41(s,3H),2.40(s,3H),2.34(s,3H) , 1.70~1.66
(m,2H),1.47~1.43(m,2H), 1.34(d, J=6.7 Hz,2H),0.87
(t,J=6.7 Hz,3H), “C NMR(151 MHz,DMSO0):5 163.55,
155.04,151.24,148.58,141.01,140.61,139.11,137.74,
137.10,135.45,132.17,131.37,131.00,130.57,128.20,
127.05,126.04,123.33,122.88 ,122.55,121.14,120.78,
119.02,111.47,110.15,32.30,31.37,28.56,22.25,15.41,

14.71,14.35,13.86,13.07, MALDI-TOF-MS,m/z : Caled.
for C3H3sBF,N,05( M) :654.300, Found ; 654.305
1.2.2.6  4EL CB3 5 M

ML TG WG RE CB1 7 45 31 153 mg %€
gL AR K CB3, 7™ % 78%, 'H NMR(600 MHz,
DMS0):8 8.21 (d,J=7.7 Hz,2H),8.12 (s,1H),7.67~
7.69(d,J=7.7 Hz,2H),7.62(d,J=7.7 Hz,2H),7.47(d,
J=9.8 Hz,2H),7.36(d,J=7.2 Hz,2H),7.19~7.24(t, J=
7.3 Hz,2H),3.12(s,2H),2.47(s,3H),2.46(s,3H),2.43
(s,3H),2.41(s,3H),1.79(m,2H), 1.65 (m,2H), 1.49 (m,
2H),0.90 (1,/=7.0 Hz,3H), “C NMR (151 MHg,
DMSO0) .6 174.83,172.89,140.75,140.49,137.63,133.49,
132.47,131.41,131.32,130.12,126.81,126.68,126.48,
123.29,123.07,120.93,120.32,110.29,110.23,32.94,
31.75,29.49,22.56,15.43,14.49,14.42 13.64,13.22.,
MALDI-TOF-MS , m/z ; Calcd. for C3H3sBF,N,0,(M]%):
654.300, Found :654.318 ,
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Scheme 2 Synthetic routes of BODIPY dye sensitizers
(CB1~CB3)
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PSS I R R R 7 N TRl S s % N bl T
FTHNMEBEFIERACT) I EE R, WE 1(a)
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Fig.1 UV-Vis absorption spectra of dyes CBI~CB3 in
CHCI, (a) and normalized absorption spectra of
dyes CB1~CB3 adsorbed on TiO, films (b)

PERE , FLAE RS B d5 R W Wi e A 1) JEE 21 3 D't 5 8803 il
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b CB1 #1 CB3 9 B 7K TH ' 2 5000 i ml R
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Fig.2 Normalized fluorescence spectra of dyes CB1~CB3
in CHCI; (c=1x107 mol- L)
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RHETERIME 8~5 nm MLLH | XUl N-IR KL
W BTG AN [6] (9 67 5 BODIPY AH i X6 H it 4y 2
JAT — R R RE A,
23 ERMBLEERHR

i T W58 BODIPY %%} CB1~CB3 ik &+
BRI A S Tio, B o FRATHIIE IR 22 ik
W 7 3 Fp gk AE — S0 H be i v 1Y kAR TR AT
oy EERVLIEL 3 R 1 OE F R L th Gl R R =
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Fig.3  Cyclic voltammograms curves of dyes CB1~CB3

measured in CH,Cl, solution

NHE)H IE | B 2% 25 i 1Y S AL A e ) T e 5 A Ak
B TR R YR o R R S I IR R A Y e R A
BRI S I RE D (-0.5 V vs NHE)HE | A B fifi i &
B FARBOEA SR R R | X T R
FL Y A R O R AR B T SR A A R PR
BODIPY 4Lk nl LIV Sy — AU A0BR F b i) Ak 1
24 FHSFHERITE

KT GEN HR A G L 14 45 A8 RN L RE 22 TR Y
KFRIRATVFIH it A 9% 0z bR B 1T 53 1 O vk
XFYL kL CB1~CB3 M 4548 FIHE F = 40 A 1 L i AT T
BERLOE 58, B A3 09 Y Bk 4+ B9 00 46 45 4 34
GaussView5.0 ¥ # | R Hl Gaussian09 2 ¥, 1% H 19
J7ik 534 5 51 B3LYP Al 6-31G(d, p),CB1~3 1
LS54 F1 LUMO 5 HOMO BB HL T4 45 51 F &
4 FE 5, IE 4 RET/R I CB1~3 B LA LTS5
Rl LA . CB1 H R MESF-TH 5 BODIPY ~F- T 22 [1]
1) T4 46.8°,CB2 HHRMEF-TT 5 BODIPY -1
ZIA) ) T A R 43.6°, 1 CB3 AR M SF- T
BODIPY V-1l 2 [4] i —Ti /1 W) R 57.1°, =& ' CB2
1) T F de/N BB CB2 B #EAN 3 1 23 T
T 4548, 3X A AT 531 Y L - B A (LCT) R i 43

‘VI
“Pe e

CB1 CB2

CB3
ekt CBI~CB3 Ay S LA H4 72
Fig.4 Optimized structures of dyes CB1~CB3
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Table 1 Photophysical and electrochemical properties data of dyes CB1~CB3

A / nM* Aens / nM

A / nM

Dye solution solution Ti0, films Env Eop/ eV BV
CBI 529 (5.6x10°) 573 505 1.29 2.03 ~0.74
CB2 529 (7.4x10°) 565 524 113 1.96 -0.83
CB3 528 (5.4x10°) 570 497 135 205 -0.70

* CHCI; solutions, &/ (L+mol™-cm™) are given in parentheses; ® Absorption maximum on TiO, was obtained through measuring the

dyes adsorbed on 3 pm TiO, nanoparticle films in a CHCl; solution; © E,, was measured in CH,Cl, and calibrated with ferrocene as an

external reference; ¢ Eoy was estimated from the absorption thresholds from absorption spectra of dyes adsorbed on the TiO, film; °

Computed from the formula E°=E,~Eq,
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Fig.6  Current-potential (J-V) curve for dyes CB1~CB3

F2 #H# CB1~CB3 #{t DSSCs Kt aE S #1
Table 2 Parameters of DSSCs based on CB1~CB3

Dye J./ (mA-em?) Vil mV FF PCE / %
CB1 2.61 0.76 1.05
cB2 3.71 0.73 1.49
CB3 1.68 0.73 0.65
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