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Research progress of triphenylamine dye sensitizers of solar cells

YU Yifeng, HU Zhichao, LYU Haijun, WANG Xiaojia, CHEN Aibing, LIU Lei

(School of Chemical and Pharmaceutical Engineering, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018,
China)

Abstract ;: Dye-sensitized solar cells (DSSC) attracted widespread attention for its low cost, being easy to manufacture, large-
scale production and environmentally friendly features., Sensitizer is a core component of the DSSC which plays a role in collec-
ting sunlight and injecting excited state electron into the conduction band of the semiconductor, which is crucial to the photo-
electric conversion efficiency. Organic dyes have a number of advantages such as easy synthesizing and tuning of photo-physical
and electrochemical properties through molecular design. Triphenylamine is a strong electron donating group, and its non-
planar spatial structure makes the degree of the dye molecules aggregation to be decreased. These properties are conducive to
improve the absorption properties of the dye and the electron transport efficiency. In recent years, triphenylamine or substitu-
ted triphenylamine as electron donor of organic sensitizers becomes the research focus for improving the photoelectric conversion

efficiency of solar cells. In this paper, the progress of triphenylamine photosensitive dyes is described.

Keywords : organic photochemistry; solar cell; sensitized-dye; triphenylamine; progress

R H #1:2014-09-16 548 8] H 1 :2014-10-29 ; 4T 4 8 - ok +-5¢

EETH WA A AR 54 (B2014208121) 5 1 b 48 w5 55 2 K BH 2 SR BF 5900 H (Z22013001) s W b BH e K= LB E sh & 4
(QD201218)

YEH RS FREQ956—), B INRKME N #E, W+, EBNFHETHRFTHTI.

HIREH . B ZE M 1. E-mail:lvhaijun@hebust. edu. cn

Foe0g, BB, B1g 7, 55, = 2R e 28 0K PH A B S Ak R0 A9 o gk R LT ). T b Bb B R4 %40, 2015, 36(2) : 210-218.
YU Yifeng, HU Zhichao, LYU Haijun, et al. Research progress of triphenylamine dye sensitizers of solar cells[J]. Journal of Hebei Uni-

versity of Science and Technology,2015,36(2):210-218.



L FoE U, 45 - =R 3 K FH BE ri b S b OAL R G B 5 3 R 211

AT 4 R B 25 15 SR BB VR B B K T AR  TF 2 ) R BT B TR AN 38 V14T 45 K P A A 1) RS A o 1% 45 RE VR 1) A Y
FEEFEZ -, JOREL K B BE Mt (DSSO/E R4 3 AR FHAERL M, T 1991 453 GRATZEL™ ##% 4%
RIE RS TR RR 7. 100, B AT RS AR E B3 13%7, F R4k
BALH BRI R R EERRZ.

1 DSSC W& # s 1T R

L) DSSC EZ iy LA R LA LR 55 91 5 by L 90K 2 5 A VR ol SO0 e A% 9 0 o
. DSSC i 6 H FE AL A 15 LA T LA« (o) Yok IR
WO MBS BT B S s (DWMA SRR TEA
5] TiO, S ; (O MEAF TIiO, S b i f Filid S .
AR A SN B BN B4 (D AL o YekbER O L
AR B EAR FAE s (o B B AR M LY
ZXFE b TR, R R AR R T L
T T MR, DSSC B REmE 17 fR. T L

P4 DSSC #8FR £BA 5 4, -

1) 48 B oL O 95 B () + B 80 T L L 0 7 A G 4 B
HEL L 5

2)FF B L IR Ve - FRL B AL T FF B B ) LI 5

3) B 48, s B B R (TR TPCE) & B B i) P 4
FiL B o 7= A A P T 2 B D P A AT B T M1 DSSC#i&E4T R
BB, A FER B A:Ne/szl 2407 ../ (AP.) 3 Fig.1 Operating principle of DSSC

OEFEE T (FF) - o1 it B 5 K T Z A0 L o
T (J op) P BT (V70 B T 5 40 B P 25 B 0 T 8 L PR TR AR B AL, B FF = (J e X Vi) / (J e X Vo) 5

5 6 FiL $ 438028 Cop) < HL 3 O 08 K 11 T 38 (P ) 5 AJE T 38 (P B H A B 9= P/ Piu = (FF X
J XV /Py,

KHF Josd M PR BN 58 pA/cm® ,nm Fl W/m?,

17, PtFTO

"
i

D/D*

2 R

BeRHEAL5 = DSSC 20 B 40 o 2 B WS RE 2 19 /R AT, 8 o IR K PO 22285 0 T BRIE B Bk
BB BESR T EAR R RE A . DSSC B9t 7 e 580 3 2R T 4Lk, T 34 R A 0% U4 BE
HOMO Gl 5 H 7 5 SE HUE A BE) 5 LUMO G T B IR o 98 B8 B9 RE 0 BE 2% 22 W B I BB A G AR 2
PER KRR ME DSSC MR, BEl.CEARBRHIBPITE kX, TRAFESRES YRR MR
PLECKE 2 KK, SeBRYBELL, 20 VIR B A BERTH 6 R R SRk IR Al ] 3 R AR e 3,
It g HLROR 2 B S OB R R

2 HLEORL B G5 — AT & B T AR (D)-n PR R - 7 2 AR (A, B D-n-A 550 . XFE W TH
TR G AL T7 8, T LAG 30 % AL 45 R s SRR AR R L FL T 32 R0 SE 18 M L O R T BOR) 45 4 N Ot v e
P B A B A K R A HE T AR R B A N . A HLRRHR B L F A R R AT A B R E TR K,
WSR2 (22 (RIS IR (N, N- BRSO R R MRS M R IR 2 A

=RMERAEYRA R B2 AL B BE T, )2 B TR AR, WA AL R OL#R F (OLED) L ML i
BAR AR B AE . AR R R A e T RE T, 3R 1 T A0 R 3R 2K A 1] 45 M G AR B =R T R e
G FREBBEWET XA A TR JOR BB BRI B AR . EFEREREU KRB =
KIETER LI RN G i T AP EE T Z 5



212 mode BB K ¥ ¥R 2015 4¢

3 Z=FERRELRP
3.1 =FBERED-n-ALEBHEN
=R DA LB EHILE 2,

NC. COOH

Q s‘ L COH - S
@ \ 7\ CN Q S [ Ean oom R
S s NC 5:R=H
o o

N o. 6:R=CH,
d N@—« p 7:R=C,Hs

\) Ri= N-N V—co,n BR=C{CHy)s

N 9:R=0CH,3

1 2 3 R1 R2=CgHy3

NC. COOH

R et

Q SN COOH Nc COOH Nc COOH Q SR oom
C} o \ ’ O \ I A
o rR= ~0 CoHi0
et 0 nzn-g 18:R= @
S S

-Gty
N oN
Q 5 COOH Q Q 5 A CO0H @ smcoon
s
v it oo
1

ﬂ T
@ Ij*m” ww @r%w

24:R=H
25: R=C¢Hy3 26

“é - (80 QO Q-8 ;
O O ~ R/\'C/NCOOH zi% 0@ cooH 31:R=

\/\/(/ 32R1= S—‘Z NG
be, . ~ -
N—®—R1— re— 7 CO0H
Q NG
A/\(\o . \ \ . 080 Cg WCO«JH
s

4 A
5

B2 =ZXBEDrARBEH

Fig.2 D-n-A structure of triphenylamine dyes
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Fig. 3 D-D-n-A structure of triphenylamine dyes

AHLGER BB BIX DGR ERE MR T 22 1) 2058 X 3R 38 . 34t 39 3t 40 i
BE 41 BRFE S B, = F ik b A6 B SR T LA o A e AL T B R T A R T R, — R R T P R SRR AR
THEBEREE (. 4 DB R EHRMEDHI N 4. 9%,4.6%6,6. 1%0,6. 520, Jekt 40 7E)6 R
1 000 hj5 5 REFRIF 90 76 YRR

YANGET S04 rRme 5] A B =38k b 340 T b 3R L B R T YR 43, A0 HL T Uk 42, 5L AR R M
BT HRTABESRRE TiO, SAFATEA, MG T E%, T8 12. 08 mA/cm?, Jek} 43 KGR SR
5,200 Jekt42 B9 TR 7.39 mA/em’ R BRBER N 4,025,

WANCUEEAE =5 b 5IA 2 AW g AE o it iy 755 [, 43 31 DUR B W W3 35 0 ok 7R S o SLREIR R
AT Yokt 44 ekt 45 FYRE 46, JEHFEBARN 4. 90%6~6.79% , A ekl 46 MPERERIF (9=6.79%,
J«=14.43 mA/cm’,V,. =682 mV,FF =0.69) , Yk} 46 H f kg2 5 T Yokt A9 6 i PR BE

SAKONGFH 4 R T —A> D-D-n-A G5 Mg YLk} 47, 76 H UL ANk i 9 U 5] £ P T 4R78- T i3k 5. 576
f Ot B B AR (J..=10. 41 mA/em?,V, =729 mV,FF=0.73),

SHANGU S8 I A M T &F 2 A= IR HE A0 R R W) J2E ZER AL B R 48, ZP R BR T
T HEHPERE, 7=8.06%, ] =16. 28 mA/cm®,V,.=724 mV,FF=0. 684, 8 F N719, %8 2 M=%k



L FoE U, 45 - =R 3 K FH BE ri b S b OAL R G B 5 3 R 215

MR TR ZRA R IR EERRZ —,

WANGE! %4 8 2 0 S 245 (HOP) BUR B9 —HE W L I (DTP) 5| A ZF A ALY R, & 70 T Jept 49 ¢
KL 50 ANGLRL 51, K8 THR R K G i R AR . LIBS v g 5T, 78 100 mW/em® BYJGIRT , Jekt 49 B9 9=
8.14%,J,.=13.5 mA/em?,V,.=850 mV,FF=0.71; 44} 50 4§ y=7.45%,J.=11.2 mA/cm*,V, =950
mV,FF=0.70; 444} 51 ) y=7.48%,J.=11. 6 mA/cm*,V,. =935 mV,FF=0.69, 3k 49 BB B K
JEE IR 18 0t AR BRI B R B T B B, L ARAR R Y T MO L R AR . MGt 49 AL 50 ATLUA i C A %
ML EXEHRE V)R BB, 2 M0 AR 4 BRI C RERN L ER 100 mV., 58X H# i
A HEAT T AR B A i R e S R 7 BT A R b SRR SE

WURS SR BR 51 A B = F M b, LUBRWE W fF L9 800, R R W vl 7 26 1T 5 SR 52, i R
TS T I O T Y B AN BE R D R E. E 100 mW/em® SEHET . 9=17.29%, ] =14. 8 mA/cm’,
V=749 mV,FF=0. 614, X M5 £ LL 5 N719 M.

CHOIP™ S04 SR B IR AL 9 = FJ AF A it ey TR 15 RLR 53 ALl 54, X 2 DR BR TR A
Fedesf 3, gt 54 ROt BB R B RN AR PR 2 —. S48 53 ML, i TEf(L, 2-b s mp g 3t
VA, A R 54 B B R B BEREOE R EOF WOt R E T A . L1, 2-b e b B9 S | R AR
Bk b B R B A R IE T HRB S T REMAME G HMIRE T J M Ve, 7100 mW/em® BIEIRT ,
K53 B 9=7.51%,],.=13.69 mA/cm*,V,.=0.719 V,FF=0.76; 4%} 54 fJ y=8.61%,J.=15.56 mA/
em?, Vo =0.725 V,FF=0.76, AT JLEf[1,2-b My i) 365 T 4t ok etk i e el Pk R SE MR B

D-D-n-A G54, R i T3 F D AERA 2 il D MH ek SRR THREMBRME S
I B L AN T B R TR 5 2) el T R AT D s i i R B R T R R O T L R BRI O R MG R A
BEE PR A T R R SR g LR R
3.3 ZFER%E D-A-n-ARBHEN

SFMR D-A-w-A QRS LK 4,

—Q o Chir=0, O~CeHer ({ NG,
o SR
— N. IFN\_¢ s
N, N =
=0
57 58

Qo e Yot - q{
‘o R 'S T
CohiaQ
E o v, Q
59 3 0 o Ogj 61

B4 =Mk DAcALHLEH
Fig.4 D-A-n-A structure of triphenylamine dyes
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Fig.5 Other structure of triphenylamine dyes
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