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Triplet Energy Transfer in Porphyrin-Based Molecular Assembled System
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Abstract The photophysical properties of porphyrin-based assembled molecular system was investigated using
steady-state fluorescence and transient absorption. The obtained results indicate the existence of energy transfer
process from the triplet state of donor ZnP to the acceptor Fe (Cl) P. mediated by the bridge molecule. At room
temperature, the fluorescence of ZnP was quenched dramatically with the presence of acceptor Fe(CD P, implying the
energy transfer between donor and acceptor. By comparison of the triplet state lifetime of ZnP in reference and
assembled system, it was observed the excitation energy of donors triplet state is quenched by a factor of 5. and the
rate constant for energy transfer is around 7.2 X 10° s~'. The temperature dependence of energy transfer rate
constant indicates the influence of conformation on the electronic coupling between donor and acceptor mediating by
the bridge molecule. Considering the spatial distance between donor and accepter being upto 2.5 nm, it could be

concluded that superexchange mechanism via bridge dominates the deactivation of excited triplet state of ZnP in the
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assembled porphyrin dimer.
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Fig. 2 Steady-state absorption spectra
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Fig. 3 Steady-state fluorescence spectra excited at 545 nm

3.3 BRESRU Sk

HI T 52 PR BRI IR & B Gt A R 9 » HL gk b
WARTE D 20k TR P 8 R A A A R 2 1.5 ps. BRI
N2 A B 7 i 72 A R L 13 UL 4% L ] F) R 1% 38 1o 7
PRI ME . 25 1 545 nm SR IR A b i B 2 2
A Jii SR )G B  WOR BE 22 A ) BBt BR B =2 AL T
DAL A i bk = 2825 T 470 nm (9 WU 8l g 2 il
2R AR R IIF 5T 2 1A B A2 MR = R 25 2 1) Y BE A%
., ZFEFES ZnP-BB 7E 300 K, 545nm A& BF Y
BEAS OGRS AN & 4 T s  AA g W i B2 S M &L o]
VLA 225 FE i 10 8 ) 27 it 48 2 548 Bos s, U5
JG AR RLYIE 5. 4 s 5 45 ACBE I bk B A I 1) 7 iy
JEACKE TR o 150 B AT 0 T R0 2E 80 1A &R T AN AR AE
MG PR B AF Z 8] i BE AL . T2 52 R T Fe
(COP fEAERT BT ZnP =R SR H W /T

ZHERR A LG R RHF N 1.1 ps.
NBHERE AR I Z — i R &R o
et A =B B2 A =4S Z W A RERE AL .

0.7
0.6 ——ZnP-BB
---=ZnP-BB-Fe(CDHPP
0.5
3 0.4
0.3 1
024 t°
0.1
0.0 L T T T T T
0 2 4 6 8 10
Delay time 7 /us

Bl 4 41565 TR 3R Z 25 0 5 I BRSO %
Fig. 4 Transient absorbance spectra of donor-bridge-acceptor

and reference sample

W BEINRAE S G AR R P i =R i « IS %
VKRB AR 734 70 » 1] DATH SR M = R 25 B it 15 33 1)
B cere B oer=1/c— 1/ c=1.1 ps, o =
5.4 ps AT RAAH I crpr =7.2X107 s

h T kB WE T RIS RE AL B R ML, SE I
DB 7GR N 2125 1 3R S 25 K & 0 B 2 IR
K 5 J& 545 nm ¥ & Bt ZnP-BB-Fe (CD P [ PY & ik
W WFE 80 K, 160 K, 300 K I () )y 77 2% i £& ,
B 2% M2 IF 425 U B T 1A &R Y 75 i R R R A T
F 1, oA D KRHATE 80 K I A M A A
g3 FEIY 0 103 ps IR FEBE— A 2 R0 UK B 1Y)
FEWOR 4b5 160 K I A fir 4. 9 ps; 300 K B 3
L1 ps KRR =B xR E N ERE R F 8
H T AEAS ) BT A TEAS ) 1) B8 24 B A

BE T T RAS A SRR R S R AL
BRI 5 S0 Rr HUBE L B LA DA 25 AR 2 AT L FF DA 3] 32 14
49 73 25 B A% 3 VR S — Al BE 1 BE 1% Jeb AL B gl T
PAHEBRS s [l i F 1A 2R3 A7 4 B9 A ZnP " 72
680 nm FY IR IAF 5 o IR T 76 12 41 e Ak & v, i F AR
AR —FhA] RE A HLE P DAHERR . % R E 45 1R
AR Z A R B ORI R S A ek ] i s
] A LA G o P DAHERR o PR U A2 IR A7 AE B, WL 58
B R = 2k A e | 1L @ (Triplet-state energy
transfer, TET) 32245 J& T RNk 55 gk k2 [ i 1o
MR B R B iR R rh TSR B H AR A 1Y
WRATRE R T AR S =487 T — e
A I = A R I 5 A RO BRI T A R =2
A Nl = 2R A8 2 1) A RE AL i s Tl



324 ot &5 # i 28 %
0.30 0.16 0.16
(@) ®) ©
0251
0.121 0.12
0.201
5 0.151 5 0.081 50.084
0.10
0.04 1 0.04 1
0.05 1
0.00- 0.00 M 0.00 W
0 2 4 6 8 0 10 20 30 40 0 1 2 3 4
Time ¢ /us Time ¢ /us Time ¢ /ms

B 5 ZnP-BB-Fe(CDP By IS WRIE R TE 545 nm & 470 nm #EM B ZE 300 K (), 160 K (b), 80 K () B Ay
Bl Jy# s 4
Fig. 5 The kinetic traces of ZnP-BB-Fe(CDP in THF at 300 K (a), 160 K (b), 80 K (¢) excited at 545 nm and

collected at 470 nm

1A AR A i 0 RE B AL 6 T A B

Table 1 Life time and triplet energy transfer rate of complex

80 K

160 K 300 K

Sample Tzp /S trer /s

TznP /S

‘1'1‘1:1\/571 TZnP/S ‘1'T12T/571

ZnP-BB-Fe(CDP 1.0+0.1X10* 1.0Xx10*
ZnP-BB 8.0£0.1X107* —

4.940.1X10"°
2.0+0.1X107* —

1.1£0.1X10°° 7.2X10°
5.440.1X107° —

2.0X10°

T3 81 AN ALl RE T A5 B S 56 KOs R T L R
3 X T 0 HL R AR O ORI 2 R
AR 58 AL I B d KA S P A IE 2N O i/
MG ARG HAL B 5 W — 4 25 BE A5 1 R ) —
PNHEENEMS R . ZWAFTER SRR T
st T AN = 2k A R I 1L 3 A 2B AR [A] — Ik [R] R P fi
PRI AT AE— 2 58 4 . R BN =S RE 2 4
SR 0 PR TFIRE A AR A i

4 4 e

FIF R B S WA 58 1 25 AR Bk 4 52 4k
NFHBERRP B AR LS HE R EALS. 7
B 2 ARAEAE I B0 T 5 25 1A M 0 A1 A2 1% 42k I b
Z A AE W] I A fig it % 3 o AR R R OB IR
JGRF) AAEDL Bl MR ZoP ES H IR R ME &
(N R N T O R R N = R N | B NS N
Z 8] 1 RE 1 1% 38 R S AR S ) 3l B R A AR Ak, B
HOE TR SRS A A AR R T S A% AR R
WAL B T AU GE R . KWK R el 45 4 17) 52 4k 22 1]
FEAE AR EAL . e s B E Y
BLFH IR 5 R 52 1438 3 B 3K 40+ Fe P 5 10 M 5
HLER

Bt . R Y PR P T 2% BE Bo Albinsson #

B RIS /N S F

& & X #
1 S. Speiser. Photophysics and mechanisms of intramolecular
electronic energy transfer in bichromophoric molecular system:
Solution and supersonic jet studies [ J]. Chem. Rev., 1996,
96(6): 1953~1976
M. D. Ward. Photo-induced electron and energy transfer in non-

[SS)

covalently bonded supramolecular assemblies[ J]. Chem. Soc.
Rev. , 1997, 26. 365~375
3 P. Piotrowiak. Photoinduced electron transfer in molecular
systems: recent developments[J]. Chem. Soc. Rev., 1999, 28.
143~150
4 M. R
supramolecular systems for artificial photosynthesis[ J]. Chem.
Rev. , 1992, 92(3) . 435~461
B. P. Paulson, L. A. Curtiss, B. Bal et al.. Investigation of

Wasielewski.  Photoinduced electron transfer in

o

through-bond coupling dependence on spacer structure[ J]. J.
Am. Chem. Soc., 1996, 118(2) . 378~387

6 N. Koga, K. Sameshima, K. Morokuma. Ab initio MO
calculations of electronic coupling matrix elements on model
systems for intramolecular electron transfer, hole transfer, and
triplet energy transfer: distance dependence and pathway in
electron transfer and relationship of triplet energy transfer with
electron and hole transfer[J]. J. Phys. Chem., 1993, 97(50):
13117~13125

7 H. L. Anderson. Building molecular wires from the colours of
life; conjugated porphyrin oligomers [ J]. Chem. Commun. .
1999, 1999(23): 2323~2330

8 M. N. Paddon-Row. Superexchange-mediated charge separation
and charge recombination in covalently linked donor-bridge-
acceptor systems[J]. Aust. J. Chem. , 2003, 56(8): 729~748

9 M. Asano-Someda, Y. Kaizu. Highly efficient triplet-triplet
intramolecular energy transfer and enhanced intersystem crossing

in rigidly linked copper ([ ) porphyrin-free base porphyrin hybrid



2 kO RIS TAUR R R S LA R R 325

dimers[J]. Inorg. Chem. . 1999, 38(10); 2303~2311 P[], R F |, 1996, 16(12): 1720~1724
10 Liu Zhibin, Pan Haibin, Jin Fenger al.. Substituent effect on the 13 K. Pettersson, K. Kilsd, J. Martensson et al.. Intersystem
third-order optical nonlinear properties and the exited state crossing versus electron transfer in porphyrin-based donor-bridge-
relaxation processes in porphyrins[J]. Acta Optica Sinica . 1996, acceptor systems: Influence of a paramagnetic species[J]. J.
16(7): 923~925 (in Chinese) Am. Chem. Soc., 2004, 126(21): 6710~6719
XUk, WG, & 8 % BURIEXT ek = By e F R R v I 14 J. Andréasson. J. Kajanus, J. Méartenssonet al.. Triplet energy
Bt A ]. B, 1996, 16(7): 923~925 transfer in porphyrin dimers: comparison between n- and o-
11 Yang Shaochen, Fu Jingang, Gong Runze et al.. Third-order chromophore bridged systems[J]. J. Am. Chem. Soc. ., 2000,
optical nonlinear response in asymmetric pentaazadentate 122(40); 9844~9845
porphyrin metal complexes [ J]. Acta Optica Sinica, 1996, 15 A. Kyrychenko, B. Albinsson. Conformer-dependent electronic
16(7): 918~921 (in Chinese) coupling for long-range triplet energy transfer in donor-bridge-
S w AW B A BURORD I S G = 4 s k26 4 A acceptor porphyrin dimers[ J]. Chem. Phys. Lett., 2002, 366;
B = B AR LA e B BT S]], RS SR, 1996, 16(7) 291~299
918~921 16 A. Kyrychenko. J. Andréasson, J. Martensson et al.. Sterically
12 Wang Yuxiao, Yang Miao, Yang Kun e al.. Study of transient induced conformational relaxation and structure of meso-
characteristic excited-state nonlinear absorption by single laser diaryloctaalkyl porphyrins in the excited triplet state:
pulse[J]. Acta Optica Sinica, 1996, 16 (12). 1720~ 1724 (in experimental and DFT studies[J]. J. Phys. Chem. B, 2002,
Chinese) 106(48) . 12613~12622

EXR. B .0 B E AISTECRE SRR B S

I2299,939,299,999,230,999,030,999,999, 999,999, 099,999,239,999,039,299,939,299,999. 093,999,032, 999,930,299,999. 999,939, 030,999, 930,999,933, 999,999. 999,939, 099,999,039,299,099,299,939.993.999. 093

I AR ESEFRTIMY Bl < 5

162 9 ] http s / /s, opticsiournal. net) & i 1 EHBE | Y5 0622 K S BLBR BRI BF 90 [ 4 62
WP R ILE S 5@ TINEE R L6, B 2004 45 HIFE DR B2 1) RBMF TAEE A
Hl AL N IR

Sy it — 25 5 MR 55 KT v EDGAE BRI 2006 4R AR AE {5 B 45 b SXAT & BRI, FLOGH T V30O O
30055 45 R DR 1) A oMb 1 AT R Sy e I 2 0 T A Aol 23 B I 2 B R IR Sy Al 25 B4R R G B R A
)%k R 55
—. SRLVEZHREEIE:

1) Ak 24 FRAE v G 2 30 R 0y 23 D Aol A2 H b B0 JFEE B A A 2 L,

2) 23 GUARE AT AR GO A S T — s A 4E 12 00 7RO B EOE ) Ol 22 2 O CBOE 50t i 7 27 F D
{Chinese Optics Letters) Lk —Fp .

3) AT A SR AEA SRR AR R B R A SCFAE B CE T 10 45 B AR 2000 7

4) A E SR AE A P AR A AT A2 TS 80 Vot L,

5) HRAEEk S 2t S e 2E BRI W AL 2L & 2 AR R 5515 3

6) T G B el 152 A Il B ) 42 0 300 G IR
—.8RX%:

1) Wb ek o] e [ i 2 300 ) ) 3 52 Aol SR R

2) WAEACYN 2 5L 2R 2800 JC, 23 AR NS 2 2 HOR T, —4FH L.

3) AR E 2 R R 25 & 05 B S =T .

4) B IR A KOs SCHEH AL,

5) TEAS W A A {7 L AL 25038~ rhr AR N R SR [ A DG i i .

S RALULROSE:

1) SRR o 22 1 R0 PP L S 1 25 P 4 2 D 6 B

2) KAF mail@opticsjournal. net 25 HIE T LM . FFH & FE 8] R 9 1) SO Rl hE R A .

3) FRATICHX 2800 JLE T HMK 7 -

TEPAT  LRTERAT B AT EWHR o & ERFEBE EE R B AL 5T T
M 5 :1001700809026400195
4) BEZR N Rk K L1 : 021-69918253 ; Email ; expert@mail. siom. ac. cn



