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Figure 4. Steady-state fluorescence spectra of (a) dendrimer-3 (red) and 11 (blue) (λex = 426 nm), (b) dendrimer-3 (red) 

and 12 (green) (λex = 453 nm),  and (c) dendrimer-3 (λex = 498 nm) measured in THF. Fluorescence intensities are 

measured after normalizing the absorbance at excitation wavelength. 

Excited on 
TP-Por

Excited 
on 
TE-Por

19

18

ΦΦΦΦEN = 91% ΦΦΦΦEN = 94%

Excited 
on 
DE-Por



Figure 9. Energy diagram and relaxation process from an excited states of TP-Por in dendrimer-17. * and ** 
denote the first and the second excited states, respectively.
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Table 2. Charge-separation rate constants (kCS) from the the excited singlet state of ZnP to AQ.

Figure 11. Charge-separation rate constants (kCS) 

from the the excited singlet state of ZnP to AQ.

Compds.
kCS / s-1 a

1,4-dioxane THF benzonitrile DMF

0.782 × 109

(35%)
2.50 × 109

(63%)
5.74 × 109

(88%)
8.63 × 109

(92%)

0.238 × 109

(65%)
0.208 × 109

(37%)
1.19 × 109

(12%)
1.70 × 109

(8%)

14 - 0.284 × 109 1.55 × 109 2.08 × 109

15 - - 0.486 × 109 0.691 × 109

a Fluorescence lifetimes of dendrimer-1 were used as a standard ((tf )ref ).
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Figure 5. Fluorescence decays of 6 (red), 4 (gray), 9 (blue), 

and 13 (green) at 610 with λex = 426 nm in THF.

Figure 6. Fluorescence decays of 6 (red), 7 (gray), and 14

(green) at 660 with λex = 454 nm in THF.
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Table 1. Photophysical data of 1, 4, 8, and 9 in THF.

TP-Por**

TP-Por*

DE-Por*
TE-Por*

kEN1 =

5.7 x 109 s-1

kEN3 =

3.0 x 1010 s-1

kEN2 = 5.0 x 109 s-1

kd(TP-Por*) =

5.3 x 108 s-1

kd(DE-Por*) =

6.7 x 108 s-1

kd(TE-Por*) =

4.0 x 108 s-1

1.77 eV
1.91 eV

2.07 eV

compd λex/nm λdetect/nm kEN/s-1 energy-transfer step calcd kEN / s-1 a

6 427 610 1.2 × 1010 EN1+EN2 -

9 427 610 5.7 × 109 EN1 2.57 × 1010

13 427 610 5.0 × 109 EN2 1.81 × 109

6 456 660 3.0 × 1010 EN3 9.89 × 109

14 456 660 3.0 × 1010 EN3 9.89 × 109

Figure 7. Energy diagram and relaxation process from an excited 
states of TP-Por in the antenna 1. * and ** denote the first and the 
second excited states, respectively

a Energy transfer rates were evaluated using the Förster equation.
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Figure 5. UV-vis spectra of D1, D2, D4, and D8 in CH2Cl2.
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Figure 7. UV-vis spectra of D1 in CHCl2CHCl2.
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Figure 6. Fluorescence spectra of D1, D2, D4, and D8 in CHCl2CHCl2.




