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A photosensitive dye is adapted to be used in a photoelectric converting device such as a dye-sensitive
solar cell. The photosensitive dye has a porphyrin structure selected from the following formulae, and two
electron donor units D in the same formula can be identical or different, two electron acceptor units A in
the same formula can be identical or different, and two blocker units P in the same formula, if existent, can

be identical or different.
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A photosensitive dye is adapted to be used in a
photoelectric converting device such as a dye-sensitive solar
cell. The photosensitive dye has a porphyrin structure selected
from the following formulae, and two electron donor units D in
the same formula can be identical or different, two electron
acceptor units A in the same formula can be identical or

different, and two blocker units P in the same formula, if

existent, can be identical or different.
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PHOTOSENSITIVE PORPHYRIN DYES FOR DYE-SENSITIZED SOLAR
CELLS

[ Hfregisi]
[0001] AEBW —BAHERECEY LE—RBEAR ®

EHBEBFNREAREBEED - AEXTHR —ER
BB REREER -
@ T D

[0002] KIGHEEHMTHEREFE WNZAE -AZAE
A AAERRER  BEEELERERIAGERTE & —
BESEE E-HEEFNBENER -

[0003)] EHEKBEEBLGUFLEBRGEELRE XL ®
HUWEMABESNATR  UBELXEBERUEAEENKE
FHESZENMUERS KR - BIEOR > EHRKGEEMRE
hBEBNEFERALMERANNSER  BHEFAEX
RAR—FTHRNIPRHEEABEEBETHAR  FARLERXRSE
M EBURARELBEEEE - Hd > REE8IERERE
BB BEITWEE EHRFAEZTREAKVEM K
BAEBMALS~1/10 MTEABEOBEM KEREBEK AL
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[0004) %} 8 {6 K F% A5 E it  (Dye-Sensitized Solar
Cell; DSSC) Z2— R HAEZ2EM » FIAEH R XFHW
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RS AEBERBEELGHER  BHETE - F 5
Rk BEE - UREHEBEHER  H{LEEHE
ERHBHRNELAHENE _StS®hHNECEFEFFLEBE
HMEACEFrgRBI SR UABBERILER LS
FREBHEBEF ELEHEFELHERI Y EBENEENE
E‘Z%%ﬁﬂ%iﬁhﬁ R ER -  #HOES—(REERE - & E
ETFHEANOTEREREREZET  REZRANRE -
M—HRBERAHNRENETF  AEKBEHK  RIANEE
BEFNHESR SAEBRELENESF KATENERE - |
ERAEBAERBEELS AR HERI L EBEREN
AR UREBEHNERE T e EXEERAFTAEN
MIREM - XA ERETRAREAS SHEH EE{&EEK
[GREEBMNZREES -

[0005] FH #%t Skl R H 5 B UL {4 B (high absorption
coefficient) 43 F 4& # & &fi (facile modification) & & 5 3§ % &
AMEBEERENERABEELRTNIAREEFERT K2
oo PIMAEZAANREMEERZHARAFTFFLEKE
NENEEBFFFELRME2010202545 FRE—FELRE
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SR EE S TR R —f8 A T34 % (chlorophyll) » %
GER—EEFBAEEYERGANEE > TEEM TR
MABHETHRSEATE SR E K S RREE - £5
5 FEDSSCHAH BN AEENRELE S FEX AT
B o 0 6 R TR DA R A R U I S O BT L R R AT
B FEH BB EE BESTEANABES L L
WEBERES FREBEE Gtk BHEORERNY
HETHREENRENREE - A BEUEES TR
AN TEREFY  SHREE—REESTHRNE
B BT 45 B 0 T 7E © 8 SR ER 5 9 /A B 85201020254%% b I A —
AP AR NEFENSRESE AR TER TR T 5B M
B 3T W R -

[0006] BEIt AEGEHENEE LB ANOHEERE L
2 Bt BRI Y B TR TR - B A0 0 SRR R
BN ARSI P X EERNE - BHNBEY - B
REFE URKAZREHNETE  LIESKBE ST
7 L 5 B B
[BHAE]

[0007] ASHRE—BEEXHARLEY  BHRLD
SRR B EE LN EEREE D - %8 E AL
S B L TR — B Z 5 25 BUA 2 U0 00 05 2 45 4 -
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H 1 R=CnH2n+13,0CnH2n+1 » n=0-12 > m=0-5: B [E —4&
ATHHEEFTFTRELDTRHEEXAFE
HPAR—BETRXEE T (acceptor) B TREE F BH
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n=0-12> HEF—EEATHWEMRERETPT KHEFE L
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[0008] K%%%%%&—@%E%@%ﬂké%’ﬁ%
RUOERBERBEBNNLEHRET T  ZRXE LB R
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H i R=CnH2n+135 CnH2F2n-1E& OCn.H2n+1 B¢ OCnH2F2n-1
n=0-12 > m=0-5 HER—-E&HBATHWERERETPT & H
CEEACIE

[0009] #HHBHFRE -—BLENXARRARECEY  BEAR
0 5 R BRI AE B B A B b - O B R
LteEMhRhEAETAHAEBAN 5-U-BREXEZB

B)-15-4-(NN-Z ¥ ERE)FE Z P £)-10,20- 8 (3,5- = -= 4%
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' ‘ * 74;]( %}AﬁW 10346 12 B 1 BISIESHRE
(5-(4-Carboxyphenylethynyl)-15-(4-(MN-dioctylamino)phenylethynyl)-10,20-bis(3,
* 5-di-fert-butyl-4-methoxyphenyl)porphyrinato Zinc(ID) -

[0010] 7 & 55 7% B 7 — F % 4 1L K 9 A B0t /B 966 0
B AE — T R B R BOR RS Y -
[T ] |

(0011] 7 & U 69 % B0 5% B SH6 & W0 ¥ FR R 45 7 i
e KR M M TR R JE A R E - 0 R B
TR BE Tt ch o fF Jok 8L A B A St o T 65 R 09 0% A
B BENHERRETESRNE  ESARKEETH
T 19 A 5 T DS B AT R (40 R4 BKORY B TR 40
WEENET S @B E BB L BRER - A R
4R S B 38 3 It T AL R AL AF 0 A0 RSB B
i 42 7 0% % 8 R

[0012] i it B sk o A 5 8 B A B0 W 4 9 B O R
B ECRRLa Y RELEE— RS RERMAREEY
B0 F 20 0 4F — ELAT 2B A 2 I O
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[0015] EZE—EEERST  ZEFTRETLDNEET
EHEBETNEE FER

H 7 R=CnH2n+18;0CnH2n+1 » n=0-12 » m=0-5 -
[0016] A%k — B F 2 #8 B JT (acceptor) ' BE — AL B T
EETERETANIRFEREET TARADNRE
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[0018) P& — 3 1% 3% 7 12 9 L I B 5T (blocker) A LA i K
SESTRGER BEEESTHMNES  MLERETH
Gk BEABENESES  AMEAFREGABES
HRE  ZEHRMETPREEFERSE  LERERES
£ 2HEEL BEAZPSEIGHTSETNALNT
B 2B TFHNEBERBE ARSI A LMEEET
RETP=H) REABEAMARFEMAOEL - LS
NEMRETNEERELLE  TH FTAMS PR
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3} #2Af B BN 0 F2 A BEEERE

{0

H 1 R=CnH2n+18 CnH2F2n-15, OCnH2n+138, OCnH2F2n-1 -
n=0-12 » m=0-5 ¢

(0019] ZE—WREFROIF > ZERETP OFEE > T

REBTAERZ — ¢
R R

[0020] RBFSEETANNBEFHARETTHES
DHJ # & F 5 7 5k # B (push-pul DR 1+ B BH R Bl M B
MRA - B BT IMETARZET FRETDEER
KA FEB  BAMERKLHOER - TB #RERH
RPN ABEBR DR BT EEHRYE - BEXn@dek
T4 MBEMMY URRAERZ MM ENSEFE 5T
12 5 K 5 e 0t 7 2L B A

(00211 FELL E&FEFRFZGBHENOALEE P LEH BT
FRETHETE BTIBMETAETE UREERE
EMERET S NARB=RFERFHEENLEDF
CRMERMENTAMAMNE - INBEFITRANE
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—— 103512}%15@33%@5
FPRDHEBFSEAEPRME LN RS EETZ

AT TRE CRE CHSYEREEEHAYRED
CHEEKREENEENESBEN  BENPLETEHBA
BN RANEEENENES LSS - fla - TRAS-@-38
B R 7B )15+ (4- (N, N- = 36 5 i B )% 2k 2R 26)-10,20- %
(3,5- = - = % T E 4- B OF HE K E)HE AR H)

(5-(4-Carboxyphenylethynl)-15-(4-(V,V-dioctylamino)phenylethynyl)-1 0,20-bis(3,5-

di-tert-butyl-4-methoxyphenyl)porphyrinato Zinc(ID)) B! 1F 36 BE O 8| 8 3 X
ROHBEESE - UERANELSEEZ TRAASHRER

W > —

[0022) AEBRBEUHBEEZALTEHERFANSE A
ABHUBEHNES  UTEHRAZS-G-REFEIR
B )-15-(4-(V,N- = 5 B 3 H Z ) 5)-10,20-%#(3,5-Z- =%
TEAREEERBFIDEREMLEMHERT A - FAEBNU
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/07; : },]/ ﬂlg,}t;«;‘:\n()f‘) 103 £ 12 B 1| HEEEHRE

T AR A R B - A& B0 AR T 7R T UL 477 5 B Lk
SR

3)5- 228 TEA-BFEREFFEQ)
(3,5-Di-tert-butyl-4-methoxybenzaldehyde (1))

/k‘ig}k

CHO

£ 0°C « SR T » 1§ B 16§ (NaH (1.27 32,0.053 L H))1B 1810
A 35S Z -2 8T B o4 8 B ¥ P OE
3,5-di-t-butyl-4-hydroxybenzaldehyde (5 3,0.021 2 H )2 THF
(Hﬁ%ﬁ%é%%¢’%%%%%ﬁ%3oﬁﬁjEMA%
B THF (9 % 7)) CHsI (5.2 ZFF,0.084 B H ) AU E % 12/
B > £ K38 F LU MeOH f# X (quenched) » # %% Bl CH,Cl, %
B B EREBATAMI (BA:Hexane=1:7) BHEEE
3% 88 B W1 (2) (4.5 35,87%) - '"H NMR (CDCl3, 400MHz) § 9.91

(s, 1H), 7.79 (s, 2H), 3.73 (s, 3H), 1.46 (s, 18H) »

NN = ¥ K B OE 4 WO OE OE K2
(N,N—dioctyl-4-iodobenzenamine (2))

¢
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i

| 103 4£ 12 A | HEEEHE

ERAT » B 4-PLEFE W (4-iodoaniline (1 3¢, 4.6 HHH))
1 K,CO; (1.89 ?E,, 13.7 Z2E H)ZA K DMF (3 ml Z2F)F - B
0 A 1-38 % 3 %% (1-bromooctane (2.43 EF, 13.83 EXE H))
JIFGE R 24 N o BEET% » Bl CH.CL W > WA IS
EHKIE =% B AS B DB KT B SR KL o R
R E A (25 (Hexane))dlifh » THBHANE (122)

(07

(1.33 g, 65%)° '"H NMR (400 MHz, CDCl3) & 7.40 (d, J = 8.8 Hz,
2H), 6.40 (d, J = 8.8 Hz, 2H), 3.23 - 3.15 (m, 4H), 1.54 (d, J =
6.9 Hz, 4H), 1.28 (d, J = 6.4 Hz, 20H), 0.88 (t, J = 6.7 Hz, 6H) °

5, 15-%(3,5- 7 - = 4% T -4- B & & E)UMK(3) (5, 15-Bis(3,
5-di-tert-buty1-4-methoxy.phenyl)porphyrin (3))

OCH,

OCH,

Y~ s ELEE(dipyrromethane (1.75 38, 12 BE H)) ~ L& ¥
(1) 3 =, 12ZEH) i A CH.Cl, QF) P > FIHER
BAKE 30 S RERTDBCKEET  B18E A TFA (0.64
Z7, 8.4 ZEEH)KFE 3.5 /N - BIIA DDQ (4.09 3%, 18
ZEH)KE 2 MNE o J0A NEt BX » B BBAYE

(CH:CL)4l L » TT SR EE (3) (2.69 3, 30%) - 'H NMR

27
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| ———
(2R [ g AR
= 1034212 A | BEERHRE

(CDCI3, 400 MHz) §10.32 (s, 2H), 9.42 (d, J = 4.8 Hz, 4H),
9.16 (d, ] = 4.4 Hz, 4H), 8.19 (s, 4H), 4.04 (s, 6H), 1.67 (s,

36H), -3.00 (s, 2H) -

o

[5, 15-8(3,5-Z-= 4k T £ -4- 5 & & 7 & ) INKEE() (4) ([5,

15-Bis(3, 5-di-tert-butyl-4-methoxyphenyl)porphyrinato]
Zinc(II) (4)) '

OCH,

®

¢

OCH,

WAL & ¥ (3) (2.6 3, 3.5 EEH)BH CH:Cl (750 Z7) > 1
AB MeOH (75 EF)Z 10 eq &Y Zﬁ(OAc)z - 2H20 (7.68 g,
35 BEHE) mIEMEHE 3 NE - B - MDA MeOH B8 T &
4) EEETT—S$KE - |

[10, 20-—38-5, 15-% (3,5- - = 4% T £ -4- 57 &8 & 25 FL ) DRBREE(H)

(5) ( [10, 20-Dibromo-5, 15-Bis(3,
5-di-tert-butyl-4-methoxyphenyl)porphyrinato] Zinc(II) (5))
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1034£ 12 B | HEEEB®RE

BALE W ()R CH,Cly (750 EF)FIMLIE (pyridine (25 %
#))t » Bl NBS (1.56 7, 8.75 EE H)B K CH,Cly (250 %
Fyh o FERATEREBEACEW@OBRP  KESMARWNE
(acetone (75 ZEF)) B4 > HI A MeOH #BJE - F LA CH2Cly/

MeOH F& 5 » /S E@mERE (5) (3.09 g, 91%) - 'H NMR
(CDCl; / pyridine-ds, 400 MHz) 9.66 (d, J = 4.8 Hz, 2H), 8.92
(d, T = 4.4 Hz, 2H), 8.02 (s, 4H), 4.01 (s, 6H), 1.63 (s, 36H) -

(5, 15- % (3,5- - SR T & -4-HEHEFE)-10, 20-B[(=ZH &

B Bk Z o Ak -URik} 8 (6) ({5, 15-Bis(3,

5-di-tert-butyl-4-methoxyphenyl)-10,
20-bis[(trimethylsilyl)ethynyl- porphyrinato} Zinc(II) (6)

BAL &Y (5) (135, | 2EHE H) > Pd(PPh;):Cl2 (70 E3, 0.1 &
BEH)  Cul (19 2%, 001 2¥EH) ZHEWPWEILR
(tgimethylsilyl acetylene (57 ZF, 4 ZHH))» FHATMA
THF (38 Z#)f NEt; (9 EF) BREH 4 N Bi#EE
| F3 % 4 J@ # 7% (CH.Cly : Hexane = 1 : 5)&i{L » BA CH,Cla /

McOH B & & » A5 £ @ E# (6) (0.7g,70%) « 'H NMR (400

29
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(¢} H120] Agg A
13 12 A | HEESHE

MHz, CDCl3) 8 9.73 - 9.70 (m, 4H), 8.99 (d, J = 4.5 Hz, 4H),
8.09 — 8.07 (m, 4H), 4.04 — 4.01 (m, 6H), 1.64 (s, 36H), 0.60 (s,

18H)

5-(4- B EFEZPRE)IS-U-(NN-Z FEBE)FEE Z B

£)-10,20-# 3,5- = - =4 T E 4-F & *ZEE) nRBEEE (1) (7)

(5-(4-Carboxyphenylethynyl)-15-(4-N,N-di-octyl-amino)pheny!l
ethynyl- 10,20-Bis '
(3, 5-di-tert-butyl-4-methoxyphenyl) porphyrinato Zinc(II) (7))

WAL&® (6) (100 E3z, 0.085 EHEH)F KN THF (3 BFt) -
/£ A TBAF (1 M in THF, 0.85 Z ¥}, 0.85 EEH) B8 TTK
FE 20 5Y4% > BUEBREEE - B CH.CL I HoO 22 - &R
HE - LUK MgSO4 Bk R =88 AEEY (6a) (70
ER,95%) HEETT—SKIE -

B 1t &% (6a) » (2) (43 E 35, 0.098 ZE H)F 4-iodobenzoic
acid (24.1 25, 0.098 E2E H ) Pdy(dba); (22.3 E 5, 0.024 F
S H): AsPh; (49.6 Z 3%, 0.162 EE H)  jl A THF (10 ZE )
M NEt; 2 ZF) AR 10/ & BE  FIAEEER

7% (CH2Cl; : methanol =20 : 1)4li{E » BAL CH,Cl, / MeOH F &%

30
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| T EE
o b G Y 8?/'}%5 5(7&)
( 14 N 10348 12 B | BIEESRE

B TUE&EER (7) (48 mg, 40%)- 'H NMR (400 MHz,

CDCl3) 6 9.68 (dd, J = 7.4, 4.5 Hz, 4H), 8.89 (d, J = 4.5 Hz, 2H),
8.85 (d, J = 4.5 Hz, 2H), 8.26 (s, 2H), 8.05 (s, 2H), 8.02 (s, 4H),
7.82 (d, J = 8.6 Hz, 2H), 6.73 (d, J = 8.7 Hz, 2H), 3.96 (s, 6H),
3.33 (s, 4H), 3.15 (s, 36H), 1.41 — 1.10 (m, 24H), 0.86 (t, J =

6.8 Hz, 6H) °

[0023] HARAZHHEUERLIBEDO L REWLIEA L
[REAEE EEAFBHEMAESRTREEEFEOERSE  E£FK
B 7 4% B 2 % 1 RS P EEFLF EBHEEEN 0 WA
é&‘%Zﬁ%Eﬁ%’éié??ﬁ?ﬁﬁfifzqﬂ%%%ﬂ%ﬁ@ﬁﬁﬁ%%)%% °
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103412 B 1 HEEHRE

I —BREABABLECEY  BRAR - NXEHBREERED > %
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% AL
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WE:
/#’7 J / ( rﬁ’l.f () 13412 § | BEEERE

H h R=CnH2n+ 15 OCnH2n+1 » n=0-12 » m=0-5 + H [F] — &%
AN THHMEEFFRETDIYREARKER
HPAR— BT ZBEIT (acceptor) B TS P B

HAPER—-EBATHREEFZBETATRARHERRS

CIENEE
H PR — 1315 5L 7 £ #9 B F% BE JT (blocker) » hEH T A &
BEH

R R

H 1 R=CnH2n+1 5, CnH2F2n-18, OCnH2n+13 OCnH2F2n-1 >
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| k-
(03 JHZ# /HL, 75‘) 103 48 12 f | BEERRE

\\\\\

n=0-12 » m=0-5 - aﬁm-ﬁ%ﬁrmm@EMEmrﬁﬂa
RN

2 WA HARES | EA L RERERR B BR
ETREMAL S-(4- B EHEEZRE)-15-G-WN-ZFERE
BV B 7 B 2)-10,20- 8 (3,57 - = 8k T 3 -4- B K R )8
(I 5= = )
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