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Abstract

The fluorescence spectra of (2-naphthoxy)polyoxalkoxyantimony(V) tetraphenylporphyrin corbglel) were analyzed under the
excitation of naphthoxy and porphyrin chromophores. The excitation energy of naphthoxy chromophore was transferred to the porphyrin
moiety at the rate constants a7683 x 108 s1. The rate constants of energy transfer were nearly constant irrespective of the length of the
methylene bridge. The emission of porphyrin chromophore was quenched by naphthoxy chromophore at rate constan®%f10
depending on both the solvent used and the length of the methylene bridge. Under the excitation of the naphthoxy chromophore of the
triad system 1d) involving porphyrin, 2-naphthoxy, and 4-methoxyphenoxy chromophores, the excited singlet state of the porphyrin
chromophore generated by the energy transfer from the naphthoxy chromophore was quenched by the naphthoxy and the methoxyphenoxy
chromophores via non-radiative processes involving electron transfer. © 2002 Elsevier Science B.V. All rights reserved.

Keywords:Antimony(V) tetraphenylporphyrin complex; Naphthoxy polyoxalkoxy; Axial ligands; Solvent effect; Intramolecular electron transfer;
Intramolecular energy transfer

1. Introduction phosphorous porphyrin complexes having the chromophore
on axial ligands. It is, however, not so easy to introduce un-

Intramolecular electron and energy transfer systems symmetric axial ligands to the phosphorous porphyrins [18].

between two chromophores involving the porphyrin chro-  Therefore, our focus has been on antimony porphyrin

mophore have received much attention in elucidation of the complex having a chromophore on unsymmetric axial lig-

natural photosynthetic systems [1,2]. Recently, a number ands from the standpoint of the energy and electron transfer

of porphyrin complexes linked with some-electron chro- between two chromophores. Here, we report on a convenient

mophore or porphyrin arrays have been synthesized and theisynthetic method and the fluorescence study of antimony(V)

photophysical properties involving the electron and the en- porphyrin complexeslg—d) having 2-naphthoxy group as

ergy transfer process have been investigated [3-12]. Almostthe second chromophore on the axial ligands (Scheme 1).

all previous reports have dealt with porphyrin chromophore

with the second chromophores in parallel arrangement, thus

focusing on the electron and energy transfer process in a2, Experimental

horizontal direction to a porphyrin plane [3—12]. However,

little is known about the electron and energy transfer in a 2 1. Instruments

vertical direction to a porphyrin plane [13]. It is one reason

that there were no convenient methods to prepare diaxial 1 and13C nuclear magnetic resonance (NMR) spectra

ligand-coordinated metalloporphyrin complexes. It is well \yere taken in CDG using tetramethylsilane as an inter-

known that high-valent metalloporphyrin complexes having ng| standard on a Bruker AC 250P spectrometer at 250 and

Ge(lV), Sn(lV), P(V), As(lV), and Sb(V) can covalently g2 9 MHz, respectively. SIMS and FAB-MS were obtained

connect to axial ligands, differing from the transition-metal 5, 5 Hitachi M2000A spectrometer and on a JEOL JMS-HX

porphyrin complexes [1]. Segawa and coworkers [14-17] 110 A spectrometer, respectively. UV spectra were measured

have extensively studied the energy and electron transfer ofy, 5 Hitachi U2001 spectrometer. Oxidation and reduction

potentials were measured for an acetonitrile solutiotest

* Corresponding author. Tek:81-985-58-7314: fax:-81-085-58-7315. (1 x 1072M) in the presence of a supporting electrolyte
E-mail addressyasuda@cc.miyazaki-u.ac.jp (M. Yasuda). (Et4NBF4; 0.1 M) at a scan rate of 0.3 V/s at 2@ on a BAS
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Scheme 1.

cyclic voltammetry using a platinum disk working electrode,
a carbon counter electrode, and a Ag/AgiN@eference elec-
trode. Half-peak of oxidationEf}‘Z) and half-peak of reduc-

tion potentials(Eg‘jg) vs. Ag/AgNG; were modified to those
vs. SCE by the addition 0f0.23V. The MM2 calculation

was performed using SPARTAN on a Silicon Graphics 02

work station.

2.2. Materials

Sb(TPP)(OH)BTt Br—. UV-Vis (MeCN) Amax/nm (loge):
423 (4.78), 555 (3.35) and 596 (3.17); MS (SIM8)z 831
[M+]; 1H NMR: § = 7.84-789 (12H, m, Ph), 8.29 (4H, d,
J = 6.8Hz, Ph), 8.59 (4H, dJ = 5.7Hz, Ph), and 9.42
(8H, s, pyrrole).

2.4. Preparation of (2-naphthoxy)polyoxalkoxyantimony(V)
tetraphenylporphyrin hexafluorophosphate-{c)

A MeCN solution (40ml) containing Sb(TPP)(OH)Br

Spectral grade of benzene, toluene, and dichloromethaneBr= (0.22 mmol) and (2-naphthoxy)polyoxalkandatc,

were used without further purification. 1,4-Dioxane and
tetrahydrofuran were distilled from Na before use. MeCN
was distilled from BOs and then Cabl mesaTetraphenyl-
porphyrin (HTPP, TPP= tetraphenylporphyrinato group),

2.2mmol) [20] was refluxed for 4 days until the spectral
changes of absorption spectra became little. Then the sol-
vent was evaporated and the residue dissolved in@@H

The CHCIs solution was washed three times with 50 ml of

antimony bromide, and 18-crown-6 ether were purchased H,O. After the evaporation, the crude product was treated

from Wako Chemicals.

2.3. The preparation of bromohydroxyantimony(V)
tetraphenylporphyrin bromide (Sh(TPP)(OH)&r~)

A pyridine solution (100 ml) containing 7 PP (3.6 mmol)
and antimony(lll) bromide (11mmol) was refluxed
for 1h, and By (2ml) was added to the solution to
form dibromoantimony(V) tetraphenylporphyrin bromide
(S(TPPBro™Br~) [19]. Then the mixture was poured
into hexane (200 ml) to give the precipitate. The £CHp
solution of the resulting precipitate was washed with hy-
drobromic acid and 150 ml of water. After the evaporation,
the crude SBTPP)Bro™Br~ was obtained in 98% yield.
Sh(TPP)Br,™Br~ was hydrolyzed in HO-MeCN (1:3) at
60°C to give Sb(TPP)(OH)BTBr— in 60% yield.

by AgPFs (2.2 mmol) to exchange counter anion, and then
subjected to the column chromatography on silica gel (Fuiji
Silysia BW 300) using CHGHMeOH (10/1, v/v) as an elu-
ent to givela—.

2-(2-Naphthoxy)ethoxyantimony(V) tetraphenylporphyrin
hexafluorophosphatelg). Yield 32%; UV-Vis (MeCN)
Amaxnm (loge): 418 (5.57), 551 (4.23), and 591 (3.98);
SIMS m/z 937 [M*]; TH NMR: § = —3.30 (1H, brs, OH),
—2.20 (2H, t,J = 4.8Hz, CH), 0.76 (2H, t,J = 4.8 Hz,
CHp), 5.47-5.90 (2H, m, naphthoxy), 7.24-7.80 (5H, m,
naphthoxy), 7.88-7.91 (12H, m, Ph), 8.15 (4H, H,=
7.4Hz, Ph), 8.43 (4H, tJ = 2.1Hz, Ph), 9.43 (8H, s,
pyrrole).

5-(2-Naphthoxy)-3-oxa-1-pentoxyantimony(V) tetraphe-
nylporphyrin hexafluorophosphate 14). Yield 32%;
UV-Vis (MeCN) Amax'nm (loge): 419 (5.55), 551 (4.21),
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and 590 (3.95); SIM®1/z 981 [M*]; 'H NMR: § = —3.56
(1H, brs, OH),—2.45 (2H, t,J = 5.0Hz, CH), 0.16 (2H,
t, J = 5.0Hz, CH), 1.90 (2H, t,J = 4.8Hz, CH), 3.09
(2H, t, J = 4.8Hz, CH), 6.62—7.40 (7H, m, naphthoxy),
7.71-7.90 (12H, m, Ph), 8.26 (4H, d, = 7.3Hz, Ph),
8.29-8.37 (4H, m, Ph), and 9.39 (8H, s, pyrrole).
8-(2-Naphthoxy)-3,6-dioxa-1-octanoxyantimony(V) tetra-
phenylporphyrin hexafluorophosphatelc). Yield 6%;
UV-Vis (MeCN) Amax'nm (loge): 420 (5.34), 551 (3.96),
and 591 (3.72); FAB-MSm/z 1025.3 [M]; 'H NMR:
8 = —4.20 (1H, brs, OH)~2.45 (2H, t,J = 5.0Hz, CH),
0.04 (2H, t,J = 5.0Hz, CH), 1.70 (2H, t,J = 5.0Hz,
CHy), 2.67 (2H, t,J = 5.0Hz, CH), 3.33 (2H, t,J =
4.8Hz, CH), 3.66 (2H, t,J = 4.8Hz, CH), 6.91-7.62
(7H, m, naphthoxy), 7.63-7.92 (12H, m, Ph), 8.26 (4H, d,
J =7.2Hz, Ph), 8.43 (4H, m, Ph), and 9.44 (8H, s, pyrrole).

2.5. Preparation of 2-(2-naphthoxy)ethoxy-(4-
methoxyphenoxy) antimony(V) tetraphenylporphyrin
hexafluorophosphateld)

A MeCN solution containing Sb(TPP)(OH)BBr—
(0.55 mmol) and 4-methoxyphenol (33 mmol) was refluxed

for 24 h. Then the solvent was evaporated and the residue

dissolved in CHCI,. The CHCI, solution was washed
three times with water (50 ml). After the evaporation, the
crude product was treated by AgPk2.2mmol) to ex-

change counter anion and then was chromatographed o

SiO, using CHC4—MeOH (10/1, v/v) as an eluent to give
(4-MeOGsH40)STPPOHPRs~ (1€) in 45% yield.

A MeCN solution (50ml) containingle (0.15 mmol),
2-(2-naphthoxy)ethyl bromide2d) (1.5mmol), KCO3

(0.06 mmol), and 18-crown-6 ether (0.2 mmol) was heated

at 85°C for 24 h. The reaction was followed by the spectral
changes of a Soret band. After the evaporation, the@

solution of the residue was poured into hexane (300 ml) to

give a precipitate. The CHl, solution of the precipitate
was washed with water (50 ml) for three times. After the re-
moval of the solvent, the crude product was purified by the
column chromatography on silica gel using C&NeOH
(10/1, viv) as eluents to givid in 48% vyield.

1d: UV-Vis (MeCN) Amax'nm (loge): 423 (5.49), 554
(4.08), and 594 (3.87); FAB-M8)/z 1057 and 1059 [M];
IHNMR: § = —1.97 (2H, t,J = 5.6 Hz, CHp), —1.04 (2H,
t, / = 5.6 Hz, CH), 3.29 (3H, s, MeO), 5.25 (2H, d] =
5.0 Hz, phenoxy), 5.54 (1H, d, = 7.9 Hz, naphthoxy), 5.84
(1H, d, J = 9.2 Hz, naphthoxy), 7.28 (2H, d] = 5.0 Hz,
phenoxy), 7.58-7.90 (5H, m, naphthoxy), 7.62—7.90 (12H,
m, Ph), 8.21 (4H, dJ = 6.8Hz, Ph), 8.27 (4H, dJ =
6.8 Hz, Ph), and 9.46 (8H, s, pyrrole).

le: UV-Vis (MeCN) Amax'nm (loge): 418 (5.53), 552
(4.27), and 592 (4.04); SIMBV/z 873 [M*]; THNMR: § =
—2.90 (1H, brs, OH), 1.52 (2H, dJ = 9.1 Hz, phenoxy),
3.28 (3H, s, Me0O), 5.23 (2H, dJ = 9.1Hz, phenoxy),
7.86-7.92 (12H, m, Ph), 8.11 (4H, d, = 7.1Hz, Ph),
8.44-8.47 (4H, m, Ph), and 9.42 (8H, s, pyrrole).

193
2.6. Measurement of fluorescence spectraasd

The fluorescence lifetimes were measured by single-
photon-counting method on a Horiba NAES 550 spec-
trometer. Fluorescence spectra were measured at room
temperature for argon-purged solutions under the excita-
tions of naphthoxy chromophore at 320 nm and porphyrin
chromophore at 420nm on a Hitachi F4500 spectrometer.
The concentrations of the solution &é—-d were adjusted
for absorbance to be less than 0.08 at the excitation wave-
length. According to the reported method [21], quantum
yields for the fluorescence were determined. As an acti-
nometer, a benzene solution of naphthalene (the quantum
yield is 0.19 [22]) was used for the excitation of naphthoxy
chromophore at 320nm and a benzene or MeCN solution
of zinc(ll) tetraphenylporphyrin (the quantum yield is 0.033
in benzene and 0.029 in MeCN [23]) was used for the
excitation of porphyrin chromophore at 420 nm.

3. Results
3.1. Preparation ofla—e

For our synthetic route to unsymmetric axial ligand-
coordinated antimony(V) porphyrin complexes, Sb(TPP)
OH)Br™Br~ is a key precursor. Therefore, we need to
ind the optimum reaction conditions to prepare effec-
tively Sb(TPP)(OH)BrBr~ by the mono-hydrolysis of
SK(TPPBr,™Br~. The optimum hydrolysis of SGPP
Bro™Br~ was performed in HO—MeCN (1:3) at 60C to
give Sb(TPP)(OH)BYBr— in 60% vyield along with the
formation of SETPP(OH),*Br~ (40%). The reaction in
higher agueous content of,@-MeCN and other reaction
solvents (e.g. DMF, THF), in the presence of bases (e.g.
pyridine, EgN), and at higher temperature reduced the yield.

The reactions of Sb(TPP)(OH)BBr— with alcohols and
alkyl halide underwent the substitution of the Br-ligand
and theO-alkylation of the hydroxyl-ligand of the com-
plexes, respectively. The reaction of Sb(TPP)(OR)Br~
with 2a—c under refluxing in MeCN and subsequent anion
exchange with AgP§ gave (2-naphthoxy)polyoxalkoxy-
antimony(V) tetraphenylporphyrin hexafluorophosphate
(la—<) (Scheme 1). Also, the reaction of Sb(TPP)(OH)
BrtBr~ with 4-methoxyphenol gave4-MeOGH40)Sbh
(TPPOHTPRs~ (1e) after the anion exchange with AgRF

The O-alkylation of Sb(TPP)(OH)BrBr— with a variety
of alkyl halides under basic conditions have been achiéved.
Therefore, we applied th®-alkylation to the synthesis of
2- (2- naphthoxy)ethoxy- (4-methoxyphenoxy) antimony(V)
tetraphenylporphyrin hexafluorophosphatd)(which have
unsymmetrically two chromophores on axial ligands. The

1 Details for theO-alkylation with alkyl halde will be published else-
where.
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Table 1
Fluorescence quantum yields under the excitation of porphyrin chromophore
Solventg ET(300 op% x 10%° oD x 10 (logkg)®

la 1b 1c
TL 33.9 2.88 2.54 (7.90) 2.77 (7.37) 2.32 (8.15)
Bz 34.5 2.83 2.66 (7.58) 2.77 (7.37) 2.11 (8.30)
DO 36.0 3.63 0.96 (9.21) 2.20 (8.58) 2.14 (8.61)
TF 374 3.91 1.04 (9.95) 1.04 (9.21) 2.26 (8.63)
DM 41.1 3.54 0.18 (10.04) 0.99 (9.18) 1.59 (8.86)
AN 46.0 5.18 0.18 (10.21) 0.82 (9.50) 1.20 (9.29)

aTL: toluene; BZ: benzene; DO: 1,4-dioxane; TF: tetrahydrofuran; DM: dichloromethane; AN: acetonitrile.
b Empirical solvent parameter in kcal/mol.

¢ Fluorescence quantum yield for @P (OH),*PRs~.

qu _ (qjgor/dji)or _ 1)/T(;)Jor.

Table 2
Fluorescence ola—d under the excitation of 2-naphthoxy chromophore in toluene
Quantum yield ky x 1079s71P ket x 1078s71¢ Ei‘jg(V)d EPH(V)® AG (eV) r (A
%P o5 P Pof" Nap
la 0.0065 0.0043 0.17 4.89 8.3 —0.50 1.33 —-0.25 -1.71 5.8
1b 0.0084 0.0049 0.18 3.77 6.7 —0.50 1.38 —0.20 —1.66 7.1
1c 0.0107 0.0056 0.24 2.94 7.2 —0.51 1.35 -0.22 —1.68 10.5
1d 0.0190 NO - 1.62 - -0.91 1.4% +0.26 -1.20 5.8

2Measured using naphthaleii@y = 0.19) as an actinometer.

Pky = (@9 /P17 — 1) /75", wherery ™ = 13ns and®y™ = 0.42 for 2-methoxynaphthalene in toluene.

¢Rate constant for the energy transfer from 2-naphthoxy group to the porphyrin chromolpja@fe’eadﬁet.

d Half-peak of reduction potential (vs. SCE) for porphyrin chromophore.

€ Half-peak of oxidation potential (vs. SCE) for 2-naphthoxy chromophore.

f Distance between antimony atom and C2 carbon of 2-methoxynaphthoxy group calculated by MM2 method.
9 Quantum yield for energy transfe@e; = ®5°/@P”", where P = 0.0254, 0.0277, and 0.0232 fda—c in toluene.
hUnder excitation of the porphyrin chromophore at 420 iE™0 = 2.08 eV.

Under excitation of the 2-naphthoxy chromophore at 320 BRT° = 3.54 eV.

I Not observed.

K Half-peak of oxidation potential (vs. SCE) of the 4-methoxyphenoxy group was 1.09 V.

reaction ofle with 2d in the presence of ££Oz/18-crown-6 porphyrin chromophores, respectively. The quantum yields
gaveld in 48% vyield of the fluorescence from the porphyrin moigp5°) and

As an alternative method to prepate, we attempted  the naphthoxy chromophor@;?") in toluene are listed in
the reaction of Sb(TPP)BrPR~ with 4-methoxyphenol. Table 2.

However,1e was produced in low yield along with the for- As a model compound for analysis of the excited states

mation of a large amount of TPP. Probably HTPP was  of the porphyrin and the naphthoxy chromophores without

formed by the reduction from Sh(V) of $6PP)Bro*PFs~ the interaction of another chromophore, (8BP)(OH),+

to Sb(lll) by 4-methoxyphenol. PR~ and 2-methoxynaphthalene were used, respectively
(Scheme 2).

3.2. Fluorescence spectra

Under the excitation of porphyrin chromophore lafc 4. Discussion
at 420 nm, the emission from the porphyrin chromophore
was observed atmax (596 nm) independently on solvent 4.1. Estimation of free energy changes for the electron

polarity. The fluorescence quantum yields]"") in several  transfer between two chromophores
kinds of solvents are summarized in Table 1.
Under the excitation of naphthoxy chromophorelafc The free energy changes\G) required for the elec-

at 320 nm, two emissions at 350 and 596 nm were observedtron transfer between two chromophores are calculated
in toluene, whereas one emission at 350 nm was observeddy Rehm-Weller equation (Eq. (1)) [24] using half-peak
in the other solvents. The emission at 350 and 596 nm of oxidation potential of the naphthoxy chromophore
can be assigned to the emissions from the naphthoxy and(E7),), half-peak of reduction potential of the porphyrin
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hv (420 nm)

&

K
q
hv (596 nm) hv (596 nm) hv (350 nm)
(Dlpor ¢2por (D1nap
1a-c 1a-c; R=H, 1d; 4-MeO-CgHy-
hv (420 nm) hv (420 nm) hv (320 nm)

kg 1.3x10"0s™

hv (342 nm)
@2 0.42
hv (596 nm) hv (596 nm) To%ap 13 ns
@™ 0.0288 ®;P 0.0011 e
Por 17
o ns In Toluene
Scheme 2.
chromophore(Egjg), and the excitation energye¢™?) of of the interaction between two chromophores in the ground
the chromophorese® for the porphyrin and the naph- and excited states.
thoxy chromophores are 2.08 and 3.54eV, respectively PP /P 1
kq=-9 'L = (2)
(Table 2). q Lpor

0
0X red 00
AG=Ejp—Ep-E @ The kq values depended on both the length of methylene
The AG's for the electron transfer from the excited sin- bridge and the solvent used. Fig. 1 shows the plots okjog
glet state of the porphyrin chromophore to the naphthoxy Vs. the empirical solvent parameter(30) [25]. The lodkg
chromophore in ground state la— were slightly negative, ~ values increased &5r(30) parameter increases, revealing
while those from the excited singlet state of the naphthoxy that the fluorescence quenching occurred mainly by the elec-
moiety to the porphyrin moiety in ground state were largely tron transfer process [26-28].
exoenergic.
4.3. Fluorescence under the excitation
4.2, Fluorescence under the excitation of naphthoxy chromophore
of porphyrin chromophore
The quenching rate constan(iea) of the naphthoxy

The quenching rate constantg) of the porphyrin chro- ~ chromophore in the excited singlet state by the porphyrin
mophore in the excited singlet state by the naphthoxy chro- chromophore were calculated by Eq. (3) where the fluo-
mophore were estimated by Eq. (2) whe and®?™" rescence quantum yiel@»,™") and fluorescence lifetime
are the fluorescence lifetime and the fluorescence quantum(rgap) of 2-methoxynaphthalene in toluene were 0.42ns
yields of SETPP(OH)>"PFs~ in the given solvents, re- [22] and 13 ns [20], respectively.
spectively. Sincei,'(';’or values were 1.5-1.8 nsin solventused,  The quantum yields®e;) for the energy transfer from the
we employed 1.7 ns for MeCN solution. Moreovighax and naphthoxy chromophore in the excited singlet state to the
shapes in the UV and the emission spectralafc were porphyrin chromophore were determined by Eq. (4) where
same as those of $BPP)(OH)2*PFs™, revealing absence ~ @1 were 0.0254, 0.0277 and 0.0232 fba— in toluene,
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As a result, the excitation energy of the naphthoxy chro-
n=1 o mophore is transferred to the porphyrin chromophore at
0o ket = 6.7-83 x 10°s~1 and the resulting excited state of
the porphyrin chromophore is quenched by the naphthoxy
chromophore atq = 2.3-141 x 10’ s~ (Table 1).

log kq

oe Y A 4.4. Fluorescence of the triad systefal)

b n=3 The fluorescence study was performed 1d which
¢ A are the triad system involving porphyrin, 2-naphthoxy,
and 4-methoxyphenoxy chromophores. Since three chro-
mophores ofld are isolated together, the analysis fiaf
is subjected to the analysis fda and le. Therefore, the
rate constantkg;) for the energy transfer dfd is estimated
to be 83 x 108s™! of la. The resulting excited singlet
state of the porphyrin was quenched by both the naph-
thoxy and 4-methoxyphenoxy chromophores. The quench-
ing rate constantk() by the naphthoxy is estimated to be
kq = 7.9 x 10’s71, that iskq for 1a. The estimation of
E+(30) kcal/mol the quenching rate constagif;) by the 4-methoxyphenoxy
was performed as follows. Thkg for the fluorescence
of the porphyrin chromophore by the 4-methoxyphenoxy
chromophore inle is calculated to be .3 x 10%s1 by
Eq. (6) wheredS™ is the fluorescence quantum yield of
respectively. Sinc, was larger in two orders than the other  le. Therefore,kq of 1d is equal to 13 x 10'%s%. The

decay pathways (e.g /igap), the rate constankg) for the guenching process of the excited singlet state of the por-

:O ODD

7 T T T T T T T
32 34 36 38 40 42 44 46 48

Fig. 1. Plots of lodq vs. ET(30) in the fluorescence study & (O), 1b
(@), andi1c (A).

energy transfer can be calculated by Eq. (5): phyrin by 4-methoxyphenoxy chromophores is mainly
nap, - nap electron transfer process since the oxidation potential of
g Lo /P 1 3) 4-methoxyphenoxy chromophoreB$, = 1.09V) is sub-
a 5" stantially low.
por , mpor
djgor - D, /¢gr 1 ©)
Det = 2P 4) a 14
1
) In conclusion, we constructed the antimonyporphyrin
ket = Petkg (5) complex having chromophores on the axial ligands and

analyzed the quenching process between chromophores.
The excitation energy of naphthoxy chromophorelafc
could be transferred to the porphyrin chromophore and the
resulting excited singlet state of the porphyrin chromophore
was quenched by the naphthoxy chromophore via the elec-
tron transfer process in polar solvents and via non-radiative
processes other than electron transfer in non-polar solvents.

The quenching process should involve the electron trans-
fer process, since thaG for electron transfer from the
excited singlet state of naphthoxy chromophore to por-
phyrin chromophore is substantially negative. %ﬁe/alues
decreased at the longer methylene bridge, while khe
values ofla— were nearly constants.7-83 x 108s™1)

irrespective of the length of the methylene bridge (Table 2). - : )
Therefore, the decrease (a& is suggested to be due to In the case ofld, the excitation energy of porphyrin chro

: mophore transferred from the naphthoxy chromophore was
slow electron transfer process at longer distance between uenched by the naphthoxy and the methoxvohenoxy chro-
two chromophores [26]. Also, Hirakawa and Segawa [17] 9 y b y yp Y

have concluded that the efficiency of the energy transfer mophores via n'on—radiative processes involving electron
. o . . transfer, respectively.
increased with increasing the distance between two chro-
mophores in the phosphorous porphyrin complexes having
pyrene chromophore on the axial ligands. References

The preferred conformation dia—c calculated by MM2
took the structure where the 2-naphthoxy group was bend- [1] K.M. Smith, in: FR. Hopf, D.G. Whitten (Eds.), Porphyrins and
ing over the porphyrin chromophore rather than Iocating Metalloporphyrins, Elsevier, New York, 1975, p. 667 and references
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