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Y3 F178 97 (photodynamic therapy. PDT) & F F i J§3 41
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X | Lambda-800 UV/Vis Spectrometer ( Perkin-Elmer
Instruments) M % . A£G RIER MR 25X 10 ° mol « L', ¥
Wk 2L W BB IO, 0 ST Bl 300~800 nm, 4l
I U O T AR g B2k, D SEEE A 750 nm e min ', I
K a1 B% A4 0. 02 nm,

P26 & PG iE A FL/FS920 PCSPC Steady and Lifetime
Spectrometer and Spectro- fluoriometer ( Edinburgh Instru-
ments Ltd. DI E ., AHIUEGIRAE RN HF A (o). KA 640 nm
TR DU o SPEO)  PeM 1) 5% 5t % 5 06 1 19 2 B IS, Hodx
12 FhBKHE 4 i B A& PR 610 nm AR BOR KDY, ZikRe
MR HR YV BE D 5X107° mol « L7, I E A A & 4l B 4R 20
min, SEETE(15~30 C) F AT, FOt 7 & LR RARL
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FEEE (ZnPe) y HEAE (D = 0. 32)17, 3k Il 4 Ab A i 10 W 16
Ji Lambda 800 UV/Vis Spectrometer {lll i, R,PcM ) 2¢ 5%
B ER@OITENR D,
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e Aze N ZnPe PR PA A BIWOIEE 5 Spure A ZnPe 152
JEIETE B AL A R R PeM 78 80 & KA A S B 5 S
A Ry PeM #5661 B9 A T AR

2 R 51He
2.1 UV-Vis DRS¢ i &Y 14 R

2R3 G INPIARS 16 FhBKE &R & W7E DMF #
W) UV-Vis BOG B Q A X S B RIS R B (O 1Y

ME2mE 3R, (DOSHFAPLEBETH
MPec 1 Q 5 B KW e i (669 ~671 nm) A/ L, P £ 51 LAY,
BRE &R B A M QWb & A T RFIREMLRE ., XEH T
Bk E S| AR FHEB—OR G, —ORHHEEFN p B
F = HEE KA PE AT W5 RIFE o B I8 B R Y
FEIR R, BIKT AL (o) —E, (x) Z R RES 22, (i K
W = A 2r R8T, (20 Ml & R B T AR WL U B A
[, (SPEO), PeM 2L B #2 i it i K T (PEO), PcM, HJ5
P ] g 5 (SPEO), PeM i1y J8 R IR i 14 A i e 56 45 06 M
PR 56 b AUR T R AR 5 K AR % 00 AR T IE R4 T P AU
HHLFZEML T o (NH,), PcCu (LR 45 B, (3) K4
JEAR ] B R A, HRA IR A AL B R Q A R AE—
FE R SE . RN o SR L B A U A LT R BE S B &
X5 FHA o F1p ALHEARTERH 48 B A i UV-Vis S 3t i
— B R R R T4 L S T B e R AR o P2, 3RE
BN KT AL, ITIFEAE T 5 LUMO il iR 22" .

Central ion, substituent and its substituted position of R,PcM

e 254,
2.1.1 BRARAGHH
Table 1
R :xh{-\y—ﬁS()"‘H
N

Central ion

O

Tetra-substituted
in o-position

Tetra-substituted
in $-position

Tetra-substituted
in o-position

Tetra-substituted
in $-position

Zn*t 3a: a-(SPEO),PcZn
Niz* 3b: a-(SPEO),PcNi
Co?* 3c: a-(SPEO),PcCo

Cu?t 3d: a-(SPEO) ;PcCu

4a: p-(SPEO),PcZn
4b: pB-(SPEO),PcNi
4c; B(SPEO) PcCo
4d: f-(SPEO),PcCu

3w: a-(PEO)PcZn
3x: a-(PEO),PcNi
3y: a-(PEO)PcCo
3z: a-(PEO) PcCu

4w: f-(PEO)PcZn
4x: B-(PEO) PcNi
4y: f(PEO),PcCo
4z: f-(PEO) PcCu

Table 2 UV-Vis absorption spectra data of (SPEO),PcM

Complexes 3a 3b 3c 3d da 4b dc 4d

Central ion Zn?* Ni%* Co?" Cu?! Zn®" Ni? Co?* Cu??

Q-band absorption/nm 718 716 714 715 687 683 681 685
e(X10° Leem™ !« mol™ 1) 1. 46 1. 32 1. 59 1. 57 0. 80 1.12 0.93 1. 23

Table 3 UV-Vis absorption spectra data of (PEO),PcM

Complexes 3w 3x 3y 3z 4w 4x 4y 4z

Central ion Zn?! Ni? Co?! Cu® Zn?! Ni2t Co?! Cu?!

Q-band absorption/nm 694 691 687 693 680 680 677 679

e(X10° L e em™ ! « mol™ 1) 0. 81 0.72 0.92 0. 80 0. 87 1. 04 0.96 1. 28
2.1.2 FOeEBTHYR 2.1.3 EAHHh

FEAH RV 500 v, 2 A B LI o7 & 4 A0 TR e et
4B Co, Ni, CuFl Zn i MPc 19 Q H A ma B T A [
SRS A e R B P 4 R TR T R B0 g 1k, B Co
—Zn, BEAYH QW Ana BT LI . HAh, R, PcM B 17 1E
T & JE B T HLE b T R BLE B BRE (R MLCT)
FLERE T d—d RiT, D AHO2 )8 T 5B
S A I | R B LA 5 KA R B A, Xk R R 1l £ a4
B E A YR Q A BR . DN I AR T A U S A 5
Mma, T oSmEFHEmENE SR,

FKAHIHT o~ (SPEO), PeZn 7E AR [ ¥ 71 w1 fe K ik
R SRR T S 3 R R B . — AR S W R S
2 A6 1 Al B B AR (o) KNSR R RTY, HEE Ax BSR4
E AL ) BUAT AT B o . F — 22 R JH Bayliss™ %} %
FI AR AL B 5 v, B AR RIWIRF F BT84 b,
a-(SPEQ), PcZn BLI B A (A XA T FAERIS K 1, %5080
SRR X R AR R LM R (D),

AA = 0.003 8F 4 0. 015 6 (2)
H R?=0.919 2,
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Table 4 AA of a-(SPEO),PcZn in different solvents

Solvent Dipole moment 4 Refractive index np F Q-band Ap.x/nm Red shift AA/nm
Acetone 2. 88 1. 359 0.169 712.5 42.5
Methanol 1.71 1. 329 0. 180 713.6 43. 6
CH;COOC; Hs 1.78 1.372 0. 185 714.5 44.5
Ethanol 1. 69 1. 361 0. 181 715.0 45.0
THF 1.75 1. 406 0.197 717.3 47.3
DMF 3.82 1. 430 0. 205 718. 1 48.1
CH.Cl, 1. 36 1. 445 0. 210 721.6 51.6
Chloroform 1. 90 1.438 0.208 721.7 51.7
R, PcM (5 661 B A LB TE R, B 5 AH B 09 58 4h-0] I
0.22 OIS R BRI R, IF I Stokes i,
o 1=0.003 8x+0.015 6 - ,
% 020 R=0.919 2 2.2.1 $ue&BBETHY R
z ' Pl &R B F X Ry PeM Y586 & S5 9615 1) A, 152 0 5
EQw Hxt UV-Vis W IBOETE A 1052 03B S A — 80, iR e
= ¢ g UV-Vis e 8 55 92 6 % 556 3 10 B 12 36 R 4R 48
016 4 pr A Levschin 4L 0 3 B 0 % 45 09 45 49 0 5 3 25 49 F 3 A A
Red shift of Q-band/nm M EAHEMEREEARLY . BThOERE TN Zn il
Fig. 1 Plot of red shift (AA)of Q-band vs. factor F BRI S oh . HAa=Fdh.o &8 3 7 BkE LA Y 2ot

M LR BRI AT, o (SPEO), PeZn 78 A [R5 7 vh 7=
A QA N ZLAS o 25 MR R 2202 1 39 Wk 0 1 D T =1 5 571
) TC A7 i
2.2 WREHHKIENMER

R, PcM 7£ DMF % | o (1) 9¢ 5% & 4% 6 3% B dls 0 %5,

TR o WA ATRERY IR Y b0 R e T R M e
SR TER i TR B T ROR R R AR T RE L A
F s AT REAR 1 AR AR A ER BR A JL R i 980 A 3 B9 BE R A5
PR WL eRE T EA TR T A, TR
A BT B A 7 A B T AR R A A A e . i
il 2 2B 2R (] 8 BR L SRR AR 2 B 7 77

Table 5 Fluorescence properties of R,PcM

Complexes 3a da 4b dc 4d 3w 4w
Aex/nm 640 610 610 610 610 610 610
Maximum Aqpe/nm 718 687 683 681 685 694 680
Maximum Af,/nm 725 692 694 690 688 705 688

Stokes’ shift/nm 9 5 11 9 3 11 8
E./(kJ » mol™D) 166. 0 173. 8 174.0 174. 8 174.5 171.3 175. 2
r/ns 2.8 3.1 3.8 2.8 3.2 2.9 3.0

Pr 0.08 0.18 0. 04 0.01 0.01 0.07 0.11

2.2.2 RARLGYH

2y i T B B (SPEO—, PEO—) WY FE 7L, i 15 ik 75 4%
Be A 0 10 5 e e R R GT K 2,5 UV-Vis G ? abs 41
LR B — B ML . LR IR 7 F 3 & 20 2k 745 & 5t 9Ok [nl £
FEAS 1 [ e 3 25 B 3 RAETE . R R U IR R A 4
GURE BB A A A R MR TR, XY
(PEO), PcM IR K BRET A, M5 ABRILS .
o PR AT B A B K5 B i 5 90 19 @p 38 ZnPe(0. 32) BEAIK
UE 2.5 R 4.5 %, 2 WA R 3 A8 4> T o RO B0 A 1
SR, SR TR A o TR BTG R T BRIl A
PR H e B
2.2.3 BRRAEEHI @

MR 43 F B3 B8 5 45 RU L o A7 HUIR i HOMO
(A\O BB R LCAO RELL AL g LCAO REUK . Wik fitg
T BRI o BLHUS H B A2 U F HOMO 37 ik 3 ok, ot

R AR T W LS M BB S AR SO0 R L% i i R &
SRR LS, L B o £ HOREZ AR L 19 B L AR Y Stokes
BRI o 3 Bl o] B Al J 7R UV-Vis IO 35

3 %5 i

T X 16 i R W B IR BE IR LR R LS
UV-Vis WSO 1EFI9¢ 6 K 5 0 1% B9 . 23 SR T ol
BRE T WACSEFN S S AL B R 5 R X Q T A
USER LA B 4 . AR S R IO AL X 5O R Al
TEPEBR IS0 . 45 53R 0T, R, PeM #0541 5 B BE R I Ot R
BGE10° Lo cm ' - mol D), R Z B-(SPEO),PcZn Al
B-(PEO),PcZn 43 B BA 3.1 1 3. 0 ns [958 47 & 0. 18 il
0. 11 ByFGH T %, A BRI REH AL PDT F1 PDD A6
B



#
&

itk 56 E 4 1357

s % x

[ 1] McKeown N B. Phthalocyanine Materials Synthesis, Structure and Function. London: Cambridge University Press, 1998. 1.

[ 2] Lever A BP, Pickens SR, Minor P C, et al. Journal of American Chemical Society, 1981, 103: 6800.

[ 3] HUANG Jin-ling, CHEN Nai-sheng, HUANG Jian-dong, et al (B& 4%, R4z, B84, %), Science in China(Series B), 2001, 44
(2): 113.

[ 4] Dirk DV, Huwyler J, Eberle A, et al. Canada Int. J. Cancer, 2002, 101. 78.

[ 5] Abimbola O, David M, Tebello N. J. Molecular Structure, 2003, 650, 131.

[ 6] Zhang X F, Xu H J. Journal of Chemical Society, Faraday Transition | , 1993, 89(18): 3347,

[ 7] XUE Jin-ping, HONG Hu-ming, YE Ting-xiu, et al(BE4#E, B4, M4E55, %), Spectroscopy and Spectral Analysis(JG1E % 5614
SrHT) . 2006, 26(11); 2050.

[ 81 CONG Fang-di, DU Xi-guang, ZHAO Bao-zhong, et al(JAJ5#h ., #:455%, 5, 45). Journal of Molecular Science (4 T Bl 223 »
2003, 19(1): 26.

[ 9] ZHU Xiao-li, XU Xiu-zhi, YANG Liang, et al (& BEF], ¥ FHER . =5, %), Spectroscopy and Spectral AnalysisOGRE: 5 6G1E5 1)
2007, 27(5): 953.

[10] Hiromi S, Olga T, Gunter S, et al. Journal of Photochemistry and Photobiology A: Chemistry, 2006, 184 50.

[11] Bayliss N S. Journal of Chemical Physics, 1950, 18(3): 292.

Study on UV-Vis Absorption Spectra and Fluorescence Emission Spectra of
Sixteen Tetra-Substituted Metallophthalocyanine Complexes

HUANG Zi-yang' *, HUANG Jian-dong' , CHEN Nai-sheng' , HUANG Jin-ling""
1. Institute of Research on Functional Materials, Fuzhou University, Fuzhou 350002, China

2. College of Chemistry and Materials Science, Fujian Normal University, Fuzhou 350007, China

Abstract The UV-Visible absorption spectra and the fluorescence emission spectra of sixteen tetra-substituted metallo-phthalo-
cyanine complexes {R,PcM, where R = 2-[ 4-(2-sulfonic ethyl) piperazin-1-] ethoxyl (SPEO—). 2-(piperidin-1-yl) ethoxyl
(PEO-—); substitution position at a-position and g-position of phthalocyanine ring; M=Zn([[ ), Ni([[), Co(ll Yand Cu(Il)}
were measured. The influence of different central ion, substituted group and its position, as well as different solvent on the Q-
band of phthalocyanine complex in its UV-Vis absorption spectra was investigated. The influence of different central ion, substi-
tuted group and its position on the fluorescence emission spectra was discussed. Some properties of the UV-Vis absorption spec-
tra such as the maximum absorption wavelength (A,..)of Q-band and its molar extinction coefficient (¢), and those of the fluo-
rescence emission spectra such as fluorescence quantum yield (@r), fluorescence lifetime () and excited state energy (E,) were
studied. The results showed that the A,..« of Q-band of all complexes were located at 681-718 nm, which had a distinct red shift
in contrast with unsubstituted metallophthalocyanines (669-671 nm). All complexes of R, PcM possessed a very high molar ex-
tinction coefficient up to 10° L » mol ' « em '. And the UV-Vis absorption spectra and the fluorescence emission spectra of all
complexes exhibited mirror shape concurrently. Two p-substituted zinc phthalocyanine complexes with formula g-(SPEO), PcZn
and -(PEO),PcZn possessed very high molar extinction coefficient, fluorescence quantum yield and fluorescence lifetime special-
ly. Therefore, it is hoped that these two would be developing to be new photosensitizers for photodynamic therapy (PDT)and

photodynamic diagnosis (PDD).
Keywords Metallophthalocyanine complex; UV-Vis absorption spectra; Fluorescence emission spectra
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