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Gl Ak A BH AE L it (DSSC) FAE 7 7T BAIE 3 1)
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TERAE SR AR A P2 A 34, T How & ff B8, (T
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RARFFRULIH, 24 i AN 456 F A R HE T 44k
AEFR. BT X SO B R SIEAIAE N, G R 3R 4T

Pt LR 1 B K ] Mercury Plus 400NB #% R AR
X (Bruker, 78 [E)#EATI5E; ik H AXIMA-CFR™
Plus & Joii 4 B 380G Al W 55 - A B 1] - 6 AT T 1 4
(MALDI-TOF, Shimadzu, H A)lli{#53]; 20401
KH IR Prestige-21 f# L it A5 4 21 41154 (Shimadzu,
HA)BEATIE; 40-0] WotiER A UV-3100 8448 7h-
43966 Tt (Shimadzu, H Z4%)#3E47 0 %€ ; X HL AR A

% % E R A DW-P303-IACF7 & [ IR (ZR
o R A PR A A, A D), - L (J-V) G
94023A, USA Filter ! K FHRERLA A (Oriel A 5], FEH)
7 AM 1.5 G JtlE 44, H Keithley 2400 75 3.
I )57 SR ) DektakXT 4 B4 (Bruker, 42 [E )i &

2.2 MBHAA S RAE

CBR-1 &R ZHSCHR[10119 77754 . CBR-1.
'H NMR (400 MHz, CDCl;) & 8.18~7.96 (m, 2H), 7.43
(t, 7.2 Hz, 2H), 7.41~7.35 (m, 2H), 7.33 (d, J = 8.2 Hz,
2H), 7.30~7.24 (m, 2H), 7.07~6.93 (m, 2H), 5.47 (s, 2H).

CBR-2 W& S HSCHR1111 & BT 245 2
CBR-2 fH7/=¥). FEEREFR4E(PE (f1 i) DCM (& H
Bi) = 5:1), B OEE 0.185 g, &K 34%. 'H NMR
(400 MHz, CDCLy) & 9.89 (d, J = 21.4 Hz, 1H), 8.48~

KW-4A 4 & 205 AL [ B2 B -3 50 BT e i ol 7.98 (m, 2H), 7.81~6.96 (m, 14H), 5.91~4.86 (m, SH).
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CBR W& R: 28 SCER111F & & 775453 %] CBR
=), HEERA(EA (LR LER)HAC (L) =
100:1), 340444 CBR, 25 mg, /% 18%. 'H NMR
(400 MHz, CDCl5) & 8.27 (s, 1H), 8.13 (d, J = 7.7 Hz,
2H), 7.71 (d, J = 3.5 Hz, 1H), 7.57 (d, J = 8.1 Hz, 2H),
7.43 (dd, J = 11.2, 4.1 Hz, 2H), 7.33 (dd, J = 12.3, 5.7 Hz,
4H), 7.18 (d, J = 7.6 Hz, 2H), 5.55 (s, 2H). *C NMR
(100 MHz, CDCl;): §163.9, 148.4, 141.0, 140.6, 139.3,
139.1, 136.7, 132.4, 128.1, 126.6, 126.4, 125.0, 122.7,
120.8, 119.6, 110.0, 45.7, 34.9, 30.9. HRMS (MALDI-
TOF, m/z) [M]* CoH sN,O,S: i15AE, 434.1084; S2if:
18, 434.1112.

CI-1 WM&/ ZHE B2 77 & k. CI-1.
'H NMR (400 MHz, CDCl;) &: 8.15 (d, J = 7.7 Hz, 2H),
7.80~7.69 (m, 2H), 7.52~7.28 (m, 8H).

CI-2 &R SRSCEIRIN A K75 3] CL-2
P2, MO IR4I(PE:DCM = 5:1), 1Sk A=Y
201 mg, 7## 18%. 'H NMR (400 MHz, CDCl;) &: 9.94
(s, 1H), 8.16 (d, J = 7.7 Hz, 2H), 7.92 (d, J = 8.6 Hz, 2H),
7.81 (d, J = 3.9 Hz, 1H), 7.68 (d, J = 8.6 Hz, 2H),
7.55~7.40 (m, 5H), 7.39~7.28 (m, 2H).

CI &R ZRSCERI1E A R OT 545 3] CLH
Y. MNEERGE, O EA E AT, PE 45 gt iE
57249 CI, 118 mg, 723 69%. 'H NMR (400 MHz,
CDCl;) & 825 (s, 1H), 8.16 (d, J = 7.7 Hz, 2H),
7.96~7.89 (m, 2H), 7.68 (t, J = 4.9 Hz, 1H), 7.67 (s, 2H),
7.50~7.40 (m, 5H), 7.31 (m, 1.4 Hz, 2H). 3C NMR (100
MHz, CDCly): § 163.2, 147.3, 140.3, 137.5, 137.4,
136.6, 132.4, 127.9, 127.8, 126.8, 125.5, 123.4, 121.1,
120.8, 119.7, 110.3, 44.1, 22.8, 22.3. HRMS (MALDI-
TOF, m/z) [M]* CyH ¢N,O,S: 5 1H, 420.0927; 556
14, 420.0912.

NT D MR R, SR IR HE— P
SRR E T A (B 2). B1E 2 A7%A: (1) CBR M
CI 7£ 2000~2500 cm™" fEEAF 4IRS, EBILE /AT =
BT, SAMRE SR, Z=8ER =N, (2)
RSk iR R, — T HALE 1720~1715 cm™ A R3¢
C=0 FEUEAZAE, B — 5T, F 3300~2500 cm™ 44
B SRIRAEIR S, R ET O-H MIFFHEE, Fik, 4
T #-COOH f77E!),

2.3 HEwE
2.3.1  TiO, HiME 3 2 ik i il 4
¥ 1.1 g P25 By e FESH R R TS 5 min, A%
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B 2 CBR Al CI ({4 4MR I G 3E

W S mL 4/, ZREEHFEE 10 min. JEEMA 7 mL
LIRS 30 min. S8J5, K IR HORME NER BS G Bk
B, 12 h J5 FH ZIERRE R, 2.5% IRl KBy i s
6 WK, FERTAERTEN 10s, [AIEKETE] 5, 30 MEIE.

6 REAR 9 ) 2
S BH A A 2 vk & U 3), BT SnO,
(FTO) 3 35 (1) 3k 5 Fi Th] i 45 4% 604 78 25 31 5 L T 1
AGAE, WREH FTO BEHEMREREMR b, (w55 $
X AE S A B I b g o B A R DLARAIE FELE 5 A
g FF S fa e ) TAE. S I Tio, HAR7E & )
480°C FHE4E 30 min, FHEIEZF N 3°C/min, RJE7E
70°C T, 50 mmol/L B TiCly &K T2 40 min, &%
REBFRM M, FHEASRTE 450C T
%530 min, 7EIRERRZE 80CHY, MR Zb R E H F bR,

AL AL

Bl K& LF I Tio, Y FHARAE 0.3 mmol/L
gkl == 35 IR 30 h JLREUE: B 31 Tio,
FEBHAIR M AE 0.3 mmol/L FHi A4 K, 10 h J5 B H e B
W, HE RS TiO, FEE A M GR DT, REH
A ZE NT19 Gk H1iZi 20 h.

2.3.2

233

234 WibpgdHLE

H 2 BE iR i e mb e ek, PABR 2R S
TiO, F[H 45 & F 4kl 7. XSTHR MG & 2% 2
mmol/L ] HoPtCls LBEATRIELRTE FTO #535 b, F
7E 420°C FHE4E 20 min. B A 25 um [AIfE 1 AB
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Vs Bl e, HLRBRRASOR, [RIUL, SR S oK BH
WS R AR, X 3 B KRN AE R 9 5
PG NRIE BTN S BRI IR, 514 R 15,
i HE T B AR B 52 Ak 2 [ A% 338 52 BH, AN F] T RERR I
AU B ARGk CBR AT CI AW IS TS [ 2 A K, B
J& (PR BR FE RIE FE $E . B, el CBR fEUEAL
(377 nm) AL IS IR 6 R BCN 1.15 x 10* Li(mol cm), 1
ekl CIEIEAL(387 nm)ALIIEE /RIS RECN 4.2 x 10°
L/(mol cm), J&# LLRTE$Em Tk 4 5. X2 CBR
g2 T —MEF CH, 450, EAUEM BT
NIPHEAS 72, FHAS B 7 7E 4 RS2 Ak (A 1) 86 e, T ELAE
JLHEAR R B FT I, SEHERT. Rth, TRG  #5,
WeRe R Bz, TR CLIE S F45H BT
—MEF CH, 5 CBR MLL, HRBOLEa, I
WCBR AR K, A RT3 TE 2 K FE . AT DA,
AT EHE DSSC B 21 BT 45 3.

PATHF BB 56 T JEER 24 um [ TiO,
FEE, W B Ok E, R T RO (B 5). SR
fRAE DCM BRSO T (B 4)AH EE AT 0, LR AC e 1)

LT R, X AT RER TR AT S R K
WX, TP R MO 1 e T AR 9 P A R 0, X
W E BB ) THO, i rh R BEAF AE AN [F) SRR RE L Ot J-

15
RESW.

3.2 DSSC eyt aE I K

Kl 6 7~ NF CBR F1 CL YLkl 2H 35 i DSSC
76 AM 1.5 G KBHYGIE A g J-v 2.

CBR 4 B (Jso) N 2.1 mA/em?, JF i HL K
(Vo) N 0.68 V, HFEIKT(FF) N 0.68, T3 bR
N 1.0%. [FFRESAE T IS CT R RCR () B B3R =,
EET 2.3%; HEEBEREEST 2.6 fF, WL EL
F 1. HIEATCUE Y, SO G k) g 0 2R RE A 1R
KIEEm. Cl BRI R, H- PR, Bokhe
J1EesR, HW WA BB RO, X R R AT
DSSC 28t R [ .
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Current density (mA/cm?2)

14

0 T T T v L] T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Voltage (V)

B6 FETHAYRIA DSSC 1 J-V F5tk ih 2%
1 HETHEAYHRH DSSC HAEN

Dye Jsc (mA/em?®)  Voe (V) FF 17 (%)
CBR 2.1 0.68 0.68 1.0
CI 5.4 0.73 0.58 23

3.3 JLA{k DSSC ZR itk AEM A

LR FE R PR A B2 A B A A [ R A X 3k
AT R B A R, R X TiO, 6 BH AR 347 B dk,
Skeifil %% DSSC Hjth, BE i $2E R AR 1 ik M
EeAegi ekl N719, ASLiGr4iA MYk CBR Al CT
1E 350~450 nm DXIREIROGRE Jy4com, Bk, #4177
B RS N719 BB IR R (B 7 F13k 2). B
7 AIEH, ML N719 #344(5.2%), CBR-N719 5 CI-
N719 BB FIEA TR KIE, 7308 5.6%H 6.7%;
Jsc M FF B35 B B3 K, (HTF 2% i R s A ks, 2%

14
—&— CBR-N719
12 —#— CI-N719
—&— N719
T 104
o
2
E 8
2
2
3 5]
€
1
5 47
O
24
o+—F7F—F T &
00 0.1 02 03 04 05 06 07 08 0.9

Voltage (V)
B 7 Ak DSSC K J-V 5 dh 2k
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#£ 2 HEk DSSC KIGHL AR

Dye Jsc (mA/cm?) Voc (V) FF 1 (%)
N719 10.1 0.85 0.60 5.2
CBR-N719 11.9 0.75 0.63 5.6
CI-N719 12.3 0.77 0.71 6.7

PR R AR RES B 2.

34 R EMIE

T HE— R R AR DSSC #s PR BE RIS,
FRATTXF Yol (W B B8R AT T U 3 M. B 5.5 mL B
RHAM(ZBEARER) S, 55 UM RAAR 1 G khi i
TiO, Y PR &, Bk 45 R fE e S RE, 43 e
AN B R AN SO, BT AR E A, R
I B LR s G (D) R AR, AT 5 o
FHAR G R . 4 TiO, ME T AR R B, MR 4E
Q) BI AT T4t YeRLE TiO, B AR RIS BE R FR L
B B (3% 3).

N

C=A4/(el) (1)
q=(C,—C)V/(5d) )
o g AL AR SR B FEE 1 R B 5, € kel
SRR IR EE, C AR YRR G YRl B, v g
BHRF, S A TiO, M Y, d A Tio, B JE.

TR A, N719 WP & 10 52 A AR 4 STRiR[17]
O Uk v, %A SRS SR RIE (107 mol/em?,
16 um)!"IfFfE—E Z 0. ZZEMFEEHLLTF 3 555
(1) N719 7E TiO, Y PH I _EAFTEVIH B (2) RGIR
ZMAEAE; (3) Hl& A, SCHRI181H K A &l i
Ji k& TiO, FEE, T AR F H DU AR 8 i F it 55k
il % TiO, T ik,

H% 3 W LAEH, ekl CIZE TiO, b W b & 1
BT 4k CBR. X BiZA2E 3T CI H i ) i 2% FL
(5.4 mA/cm?)iz iz KT CBR B EEFEF 2 —. N
S FEER B, 5 CBR AL, CT BARGE MM, (HIH
B RSP, — TN T HAE TiO, B b R B
RE 3, 5% — 5 THD AR LR SO R 48 5 B R U S AT
. IXLLR R IF T AR i . Bk 3 T
A, YRR EUL S RO B, IRB S AR — B
RIAHEL N719 284, ILEUL S AFEA /D NT19 Wt
R3 YURTE TiO, JERHMR b IR b &

CBR CI CBR-N719 CI-N719 N719

Device

Dye loading

(1077 mol/(cm?® pm)) 32 287

50+53 220+55 52
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FEIFEINIE T CLEL CBR TR F, 387 % K BEE
e, PR R T, R T AR ] AR

4 25

AR TAEA BT PIAS 25 H6) 187 B AN 4 I B4 4l
AHLGLEL CBR F1 CI, HHb4T 7 45K AE. DSSC #%
PRLH%E DL R 28 G B RE DR, BT CI g5ihb T
— AN CH, 544, FoorTRIPEARLE, A0S,
BT T 1 D-A Z5F Bl og. 1X—J7 T 32
Cl Wt RE Siienm, 59— J7 S BRSO 405,

2 ei)

Uk, ALk CBR, CI HiybMEfRE & EdEm. Hd, #5
PR B R, B 2.1 mA/em? 3253 5.4 mA/cm?;
MR T 2.3 %, H 1L.0%3EEE 2.3%. A,
KR FARER T HiM b S50kt N719 b5 k.
G, BUEMEB 52% (NTIDIRER T 5.6%
(CBR-N719)#1 6.7% (CI-N719). BT HA Hbr gkl
PR IR AT 0 30t K 4 fl L, DRI, A LT S R AR 4
Ja, AT TAEK S e K ILPEAR R, DL D 1)
LHLT R A TR IS TV, TEA BRI
RHEE IR 't 2R B I () I S B WA 20 s, e e Tl R
REFH— PR,

RIEERERE R IE461077021, 61076016)F1 7 FES &, A % 3 4 (NY212076, NY212050)% B, 45

ZH 3k
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MU DanHua' ?, LIU Jie*, WANG Ting', MI BaoXiu*', GAO ZhiQiang""

1 Jiangsu Engineering Centre for Flat-Panel Displays & Solid-state Lighting; College of Materials Science & Engineering, Nanjing University of
Posts & Telecommunications, Nanjing 210046, China

2 Key Laboratory for Organic Electronics & Information Displays (KLOEID), Institute of Advanced Materials (IAM), Nanjing University of
Posts & Telecommunications, Nanjing 210046, China

*Corresponding authors (email: iambxmi@njupt.edu.cn; iamzqgao @njupt.edu.cn)

Abstract: Two new metal-free organic dyes CBR and CI with carbazole as electron-donor, thiophene as m-
conjugated bridge and 2-cyanoacrylic acid as electron-acceptor and anchor group have been designed and
synthesized. After characterized by '"H NMR, MALDI-TOF, IR and absorption, they were used as sensitizers for
DSSCs, in which the TiO, anode was prepared by electrospray method. Compared with CBR, the DSSC based on CI
showed better performances (Jsc, Voc, FF, and 7). Under AM 1.5 G irradiation, its short circuit current increased
nearly 2.6 times, with the power conversion efficiency improving from 1.0% to 2.3%. This is mainly due to the
reduction of a CH, in the molecular structure, which increased effective conjugation between donor and acceptor,
benefiting for the electron transfer from donor to acceptor as well as lowering the material bandgap. Because CBR
and CI have stronger absorption in the region of 350-450 nm, they were selected as co-sensitized dye with the
conventional dye N719. The power conversion efficiency improved from 5.2% (N719) to 5.6% (CBR-N719) and
6.7% (CI-N719).

Keywords: dye, DSSC, electrospray, co-sensitized, metal-free
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