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TCER AT E W ST B ATIRAR R bi-CPe 45 MFIMEREEIT RAE. 45K W, bi-CPe {4 a] WL IO 1 2 I
RE n-nBROE HAE NN-ZH B (DM DL AR TE A7 T, R RIFMAGEE M. AEH R B A
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Synthesis and Characterization of the Coumarin-Binuclear Zinc
Phthalocyanine Formed by Droxynaphthyl Bridge

Cao, Jie Liao, Chaoqiang Yang, Ling Zhang, Xuejun®
(College of Science, North University of China, Taiyuan 030051)

Abstract 9(10),16(17),23(24)-Tris[4-methyl-coumarin-7-yloxy]-2(3)-(1,5-naphthalene) binuclear zinc phthalocyanine
(bi-CPc¢) based 1,5-dihydroxynaphthalene, 4-nitro-phthalonitrile, resorcinol, ethyl acetoacetate and zinc acetate on raw material
was synthesized. The structures and properties of precursors and bi-CPc were characterized by '"H NMR, FT-IR, UV-Vis, ele-
mental analysis and thermogravimetric analysis. Results showed that strong n-n* transition was demonstrated by UV-Vis ab-
sorption spectrum of bi-CPc. At the same time, it existed in a form of monomer in solution of N,N-dimethylformamide (DMF)
and possessed excellent thermal stability. Redox behavior of bi-CPc was researched by cyclic voltammetry (CV), and energy
level of LUMO and HOMO of bi-CPc matched with energy level of nano-TiO, after calculating. Through further structural

modification, it is expected to use as photosensitive dye with excellent performance for solar cells.

Keywords phthalocyanine; binuclear; coumarin; dye-sensitized solar cells
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AU ELAG AR v B IR T ' 2R BORD 5 v 1 s FL B 4 2k
R ABLE L e/ 20 X W 58 . 965 2R ekl 7E
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Scheme 1 The synthetic route of bi-CPc
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Figure 1 UV-Vis absorption spectra for bi-CPc and ZnPc
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Figure 2 Absorption spectra of bi-CPc in DMF
M1 R ATELE HE 0.1X107°~1.0X107°
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F 1 AFEIRER bi-CPe 119 DMF #1615
Table 1 Spectral property of bi-CPc in DMF (4,,,x =677 nm)

Ve N
5 /(107 moleL™Y)  WROGEE 4 (l(gljj:nui#i%jﬂ)
C; 1.0 0.586 0.5862
C, 0.8 0.486 0.6073
Cs 0.6 0.358 0.5971
Cy 0.4 0.246 0.6045
Cs 0.2 0.117 0.5840
Cs 0.1 0.053 0.5870
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Figure 3 TGA curves of bi-CPc
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SR 2 B) P A 7 1 T 2R D S ) S TR B ) 4 2 B T
EWI R, MR IR F] 639 CHY, MR HILEREN
90%, XfRE[)FE Hbr =Y &9 4. BARr=YH)
PAEE RIF, Hoih &t 560 S MR AR

P
=18

1.4 bi-CPc RUB LR

F G AR 2270 98 bi-CPe HIREA 4540, 1T e
KRB YH TiO, e HAHILES. B 4 4 bi-CPc 4£ DMF
TSI R IRAR 22 M 28, 2T Lt SR Y T Fk
(KEEN 0.1 mol/LYNHLfRI Y DMF &, WREHN 1X
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Figure 4 Cyclic voltammogram for bi-CPc
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Enomo=—(E (?rfsyeHSCE +4.4¢V) 2
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AAHLAT.

i B e DA R G A AL EOY, oo =0.58 €V,
EIRIE AT ERY sep = — 1.21 eV. K EOY, oop (HTT
ANQ)RIH A1 Eyomo=—4.98 eV, KL ihif 7 B A7l
WANAR) A ELomo=—3.19 eV. TiO, K1 S e N
—3.9 eV, bi-CPc [ LUMO fg¢ =T TiO, Fr gk, X
FER] AR PR FL TR A B0FE N TiO, T, A AL
W /15 REZ N —4.6 eV, bi-CPc H HOMO BEZLAK T4
I8 IR X RESR, P AGRIEVE N FLF 5 T B A A B
15 RE 3R A TR &, B 5 2 bi-CPe I RES 77
i, HE 5 bi-CPc eI & 5 Ak RELL DL LA
Ji e VEACIX — R, W] LASZ I HE 5 A FL A5t 2] bi-CPe
FE| TiO, ¥ SARMIENEFRE, F & SLHLAE A L 1)
B, XFEFERVIPUESE T bi-CPe /F A BH BE H jth B th G
B AT AT .
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- T RE R, S ANROEIE e AR BRI T
R R K BT A 2 DA R A 5 3R 6 141 2 ) oz PELAE 3R
L RAFIVEMARTE. bi-CPe BIBERFT & TiO, T BEZRIL
FC 2R, GINFRILSEWR AL )5, A B O TR RE R4 1
GURHEU A BH B FE i R A 7).

3 LIRS
31 E5EHA

S HN-AT Wk UV-2300, EilFRFEGR T
fEAF]; MWFEPRAC: 400 MHz AVANCEIITZ, Fi+
Bruker A #); £LAMEIEAX: FI-TR 48008, H AT
Jt; CHI HAL 2234143 LK2005A, FREETT 22 fiRHME 2
Tk AR A .

4-THFEA R W A K ERIEW R TR A A));
1,5- 332 LB AR AR 1,8- & A X0A[5,4,01+
—fi-7 (DBU). [A12K (i db A AR LR I A TR
7]); NN “HEFEZ(DMF). 1EREE. BERREE. ToK
RN R TT e RS AL THE R AT, BAERFI% A5
Hraf.

3.2 XWHE
321 1,5-=[4-(1, 2- = )R A AR ()89 6 %

B 4R FEAT 2K — I 1.80 g (10.4 mmol) Al 1, 5- %%
FEZEMY 0.80 g (5 mmol)IMA =i, I 25 mL (1)
DMF, fif 4 & fif 5, MATK KCO; 2.00 g (14
mmol), 7 N, FIEPF, 70 ‘C/RM 32 h. KNS H G,
FREMBINUOKS, FBEEERFRE 30 min, HTHTTE,
g, HH OB, pH<10 1) NaOH ¥, KAKIRGEEUE
DF, oK CEEE S, TGRS~ 1.50 g, 7% 72%.
WK GE A, mp. 267 C; '"H NMR (DMSO-ds, 400
MHz) d: 6.67 (d, J=8.0 Hz, 2H), 7.23 (t, J=8.0 Hz, 2H),
7.35~7.38 (m, 4H), 7.65 (d, J=8.0 Hz, 4H); IR (KBr) v:
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2232 (CN), 1247 (C—O0), 1595, 1484, 1399 (C=C) cm .
Anal. caled for C,sHp)N4O,: C 75.73, H 2.91, N 13.59;
found C 75.88, H2.92, N 13.54.
322 7-BEA4FEFSEQ)HEK

FREL 6.6 g (0.06 mol)[a] 4 By N = H i, Fmn
A 12 mL Bt 2 2B, I\ NaHSO,+H,0 8.6 g (0.06
mol)E AT, ¥ = TR E T, 100 CRM 4 h.
RNEER G, BARAE S min, g, FKBEE, Kight
HARIET. JoK R LS &, 9o talifE. & 3.84 g,
FEF 37%. m.p. 174 °C; 'H NMR (DMSO-d;, 400 MHz)
5: 2.4 (s, 3H), 6.23 (s, 1H), 6.62~6.76 (m, 3H), 10.38 (s,
1H); IR (KBr) v: 3247 (O—H); 1680 (C=0) cm". Anal.
caled for C;(HgOs: C 68.10, H 4.54; found C 67.90, H
4.55.
323 4-(4-F A-7-F 2 & AR P (3)89 &A%

¥ 7-F -4 EFEH K 1.76 g (10 mmol), 4-FFE4R
W 1.75 g (10 mmol), ¥%A#T 20 mL DMF H,
ARG, IMANTE/K K,CO; 2.00 g (14 mmol), N, £
PIF, 60 CHiPERN 24 h. RRMNEEF G, KIRAVIFEIN
VKoK, BiEE 30 min, FHE, HTHUOEE, WiE, BEET
e HTOK CEEAT B S5 , AR EaREE. 57750 2.09
g, FEF 67%. mp. 234 C; 'H NMR (DMSO-d;, 400
MHz) d: 2.4 (s, 3H), 6.23 (s, 1H), 7.02~7.04 (m, 2H),
7.58~7.67 (m, 2H), 7.94~8.16 (m, 3H); IR (KBr) v: 2231
(CN), 1259 (C—0), 1733 (C=0), 1624, 1589, 1489 (C=
C) cm . Anal. caled for CisHoN,O5: C 71.45, H 3.30, N
9.26; found C 71.23, H 3.31, N 9.28.
324 9(10),16(17),23(24)- = [4-F & -7- % & & &
#£1-2(3)-(1,5- = A B) A 42 BK F (bi-CPc) 89 & A%,

BEm1m34z1 6 KELENRG, Hhiai1
0.26 g (0.5 mmol), L&%) 3 0.91 g, (3 mmol), FIFRE
0.275 g (1.2 mmol B FREE — L & T = e, A 45
mL ¥ IEREEAE R, 82 mA 1.5 mL DBU, 7E N,
RN, R RS 150 C, KM 30 h. JRM5E
g, AHEEE, FN 100 mL {FHFE, # 8 30 min,
T UvE, g, R FEE, KRG B, IEDHER S
FHHT TR, B, % MR TR © A RRI)
VEMN=3 11 1 IR & se i, Kk s g4 2
oy B Ral, B3RO 032 g, /7% 22%. m.p.>
300 ‘C; '"H NMR (DMSO-d, 400 MHz) 6: 1.25~1.59 (s,
18H, a-C-H), 7.35 (s, 6H, ArH), 7.74 (s, 12H, ArH), 7.84
(s, 8H, ArH), 7.95 (d, J=8.0 Hz, 12H, ArH), 8.11 (d, J=
8.0 Hz, 12H, ArH), 8.29~8.32 (m, 4H, ArH), 8.50 (s, 2H,
ArH); IR (KBr) v: 1606, 1469 (C=N), 1726 (C=0),

Chin. J. Org. Chem. 2016, 36, 213~217
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1271, 1072 (C—0O—C), 740, 858 (C—H) cm . Anal
caled for C;35H74N6020Zn,: C 68.35, H 3.12, N 9.44;
found C 68.48, H3.12, N 9.41.

5 Bh#1 %l (Supporting  Information) &%= IR
PAJ "H NMR i . X2 i) af DL G 3 A A T 9 3l
(http://sioc-journal.cn/)_E T %K.
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