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Singlet-singlet intramolecular energy and electron transfer in
covalently-linked porphyrin—phthalocyanine heterodimers

Hong-Jian Tian, Qing-Fu Zhou, Shu-Yin Shen and Hui-Jun Xu®
Institute of Photographic Chemistry, Academia Sinica, P.O. Bax 772, Beifing 100101 (China)

(Received December 9, 1992; accepted January 21, 1993)

Abstract

Intramolecular transfer processes in

linked by an oxygen atom

(restricted conformation) and/or by a flexible chain of vatiable Jength were investigated. Fluorescence spectrascopy
shows that singlet-singlet energy transfer from the porphyrin to the phthalocyanine moiety occurs. From fluorescence
decay studies, it is concluded that the heterodimers exist in solution i different non-equilibrating conformations.
The effects of the chain length and mutual orientation of the chromophore subunits in the heterodimers on the
intramolecular energy and electron transfer efficiencies are discussed.

1. Imtroduction

The most efficient primary electron donor in
bacterial photosynthesis is a bacteriochlorophyll
dimer, the “special pair” [1]. Spectroscopic evi-
dence has shown that the metalloporphyrins are
held in carefully controlled orientations which
optimize the efficiency of photon or electron trans-
fer. This has prompted numerous studies on linked
porphytin compounds [2]. More recently, a mixed
dimer containing a zinc porphyrin linked to a zinc
phthalocyanine via an oxygen atom, with more
restricted conformational changes, has been re-
ported [3]. In this paper, we present an investigation
of the intramolecular energy and electron transfer
processes in porphyrin-phthalocyanine heterodi-
mers covalently linked with a flexible chain of
variable length TTP-O—~CH.),-O-Pc (heterodi-
mers I-V) (where TTP is tetratolylporphyrin).
The effects of solvent polarity, chain length and
the mutual orientation of the chromophore sub-
units in the heterodimers on the intramolecular
energy and electron transfer efficiencies are dis-
cussed in comparison with the previously synthe-
sized TTP-O-Pc (heterodimer I) with more re-
stricted conformation.

*Author to whom correspondence should be addressed.

1010-6030/93/56.00-

2. Experimental details

2.1. Materials

The structures of the heterodimers are shown
in Fig. 1. The syntheses of I and II-V have been
reported previously [4, 5]. All the solvents were
of analytical grade (Beijing Chemical Factory) and
were used as received.

2.2, Instruments and methods

The absorption spectra were measured on a
Hitachi-557 spectrometer. The fluorescence spec-
tra were recorded using a Perkin-Elmer LS-5 and/
or Hitachi 850 spectrofiuorometer with an exci-
tation wavelength of 515 nm for porphyrin and
615 nm and/or 640 nm for phthalocyanine and
excitation and emission slits of 5 nm. The fluor-
escence spectra were recorded over the 600-800
nm wavelength domain. The fluorescence quantum
yiclds were determined by a comparative method
using TTP and Pc as standards. Fluorescence
lifetime measurements were determined using a
Horiba NAES-1100 time-correlated single-photon
counting instrument. Redox potentials were mea-
sured using a model 79-1 cyclic voltammeter (Jinan
Radio No. 4 Factory) with Ag/AgCl saturated with
KCl as standard electrode, Pt as counter-electrode,
pyrolytic graphite as working electrode and 0.1 M
Lidl in dimethylformamide (DMF} as supporting
electrolyte.

® 1993 - Elsevier Sequoia. All rights reserved
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Fig. 1. Structures of the heterodimers: TTP-O-Pc (Ij;

TTP-O~(CHy),-C-P¢ (I, n=2 Tk, n=3; IV, n=4; V, n=5).
3. Results and discussion

3.1. Ground state absorption spectra

The electronic absorption spectra of the het-
erodimers 1-V are very similar. The ground state
absorption spcctrum  of the heterodimer
TTP-O-Fc in benzene is compared with that of
an equimolar mixture of TTP and Pc (tetra-isoproxy
phthalacyanine) (Fig. 2). This indicates that in
dilute solution TIP~-O-Pc exhibits an absorption
spectrum similar to that of the TTP-Pc¢ mixture.
However, the intensity of the Soret band of the
porphyrin moiety is slightly decreased and red
shifted (2 nm). The heterodimer Q band can be
ascribed to the sum of the monomer Q bands with
a slight broadening and decrease in intensity of
the porphyrin band and a blue-shifted phthalo-
cyanine band. These absorption spectral changes
can be ascribed to weak exciton coupling inter-
action between the two chromophares in the het-
erodimer in the ground state.

3.2. Steady state fluorescence spectroscopy

On excitation of TTP-O-P¢ (heterodimer 1) at
515 nm, a strong decrease in the porphyrin fluor-
escence is observed accompanied by an increase
in the phthalocyanine emission with a peak at 710

nm (Fig. 3). Similar results were obtained from
heterodimers II-V but the porphyrin fluorescence
is almost quenched and the increase in the intensity
of the phthalocyanine fluorescence strongly de-
pends on the length of the connecting chain. The
heterodimer V with n=35 exhibits the strongest
phthalocyanine emission indicating that energy
transfer is most favourable.

Since there is considerable overlap between the
flvorescence spectrum of TTP and the ground
state absorption spectrum of Pc in I (Fig. 4),
encrgy transfer should be efficient. The Forster
equation can be used to determine the average
donor-acceptor distance R, at which the rate con-
stant for energy transfer kg,r equals the rate
constant (7p~!'} for non-radiative decay of the
donor
Re= 30 10)8Ep o

1287°Nn'
where $p=0.15 is the fluorescence quantum yield
of TTP in benzene in the absence of acceptor, n
is the refractive index of the solvent (n=1.424 for
benzene), N is Avogadro’s number and &2 is the
orientation factor which equals § for random ge-
ometries. The numerical value of overlap J is

f Fp(A)ex(A)A*dA

o

i= =187x10"° mol ' ¢cm®

) IF p(A)dA

for the heterodimer in benzene and J=1.14 x107°
mol~! em® in DMF. Both values are one order
of magnitude higher than those found for
ZnTTP-O-ZaPe [3].

Substituting these values into eqn. (1) results
in R, values of 58.5 A for the heterodimer 1 in
benzene showing that singlet energy transfer can
occur over quite large distances.

The corrected fluorescence excitation spectra of
the heterodimers I and V are compared with their
absorption spectra in Fig. 5. Monitoring the emis-
sion at 710 nm (Pc fluorescence) and scanning
through 500-720 nm, it can be seen that, after
normalizing at 668 and 702 nm, the agreement
between the two spectra is good for heterodimer
1 in benzene indicating that energy transfer is very
efficient. However, there is a discrepancy between
the excitation spectrum and the ground state ab-
sorption spectrum in the 500-580 nm region where
TTP absorbs for heterodimer V. It is ciear that
some of the photons absorbed by TTP are trans-
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Fig. 2. Absorption spectra of TTP-Pe mixture (1:1) (—) and TTP-O-Pc {---) in bonzene.
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Fig. 3. Fluorescence spectra of TTP (1) and TTP-O-Pc (2) in benzene (A~ 515 nm)

ferred to the Pc subunit. Similar results are ob-
tained for heterodimers II-IV in benzene and I
in DMF showing that intramolecular energy trans-
fer is not complete, probably due to other quench-
ing processes such as electron transfer and the
formation of short-lived intermediates.
Quantitatively, the efficiency of energy transfer
can be estimated from the ratio of the corrected
excitation spectrum to the ground state absorption
spectrum in the 500-580 nm region. The results
are cotlected in Table 1. The cnergy transfer
efficiency ®z.rcan be used to calcutate the average

rate constant for intramolecular energy transfer
Kear

Pt =kear/(ker + 707 7) 2
where 7 is the lifetime of the donor porphyrin
(75=12.3 ms in benzene). The derived values are
also included in Table 1. Thus steady state fluor-
escence data show that intramolecular sin-
glet-singlet encrgy transfer from TTP to Pc in
heterodimer I occurs more efficiently in benzene
thanin DMF. In the heterodimers II-V, the transfer
is less efficient and depends markedly on the chain
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Fig. 4. Absorption spectrum of Pe (—) and fluorescence spectrun:
{-~-) of TTP in benzene (Ao=515 nm).

length. The difference in behaviour on going from
benzene to DMF for heterodimer I may be ex-
plained in terms of conformational changes due
to solvent interactions. It is suggested that het-
erodimer I may vary from an extended confor-
mation with the two chromophores well separated
in benzeme to a somewhat folded conformation
in DMF which allows partial overlap of the orbitals
of each chromophore favouring intramolecular
electron transfer. In the heterodimers IE-V, the
flexible mature of the connecting chain allows a

Intramolecular rransfer processes wt hetcrodimers

whole family of conformations to be adopted,
ranging from fully extended to a closed form with
the two chromophores held in close proximity.
Thus electron transfer occurs in competition with
energy transfer processes.

Finally, the solvent dependence of the intra-
molecular fluorescence quenching in heterodimer
V was investigated. The results {(Fig. 6) show that
the porphyrin fluorescence is quenched aimost
completely ard the intensity of the phthalocyanine
fluorescence decreases with increasing polarity of
the solvent, indicating that the interactions re-
sponsible for intensity quenching are related to
electron transfer.

3.3. Fluorescence quenching and intramolecular
electron transfer

As mentioned above, the porphytin fluorescence
is quenched by phthalocyanine through intramo-
lecular energy and electron transfer, whercas the
phthalocyanine fluorescence is quenched by por-
phyrin via electron transfer. The free enthalpy
change on ome-electron transfer from a singlet
excited doner molecule D* to an electron acceptor
molecule A can be calculated from the equation
AGp.2a=E(D/D*)—-E(A"/A)~E,-C 3)
where E, indicates the excitation energy (1.90 V
for TTP and 1.77 V for Pc) and C denotes the
small additional coulombic stabilization of the
D*A~ pair (0.06 eV in DMF). The one-electron
oxidation potential E(D/D™) is 1.05 V for TTP
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Fig. S. Comparison of the excitation (A,,~710 nm) (-— ) and absorption {—-) spectra recorded in dilute benzene solution: ()
TFP-O-Pc; (b) TTP-O—~CH,)-O-Pc. The spectra were normalized at 702 nm.



H.-J. Tian et al. | Inramolecular transfer processes in heterodimers 167

TABLE 1. Parameters derived from steady state fluorescence
spectra in benzene

Compound Py (%) kear (571
1 733 22%108
I (in DMF) 378 50%107
n 208 355107
m 300 35%10
v 263 29%107
v 379 5.0x107
80

[ ——
5 8

3

8OO {inm)
Fig. 6. Fluorescence spectra of TTP~O—(CH,)s-O-Pc in solvents
of different polarity: 1, TYP in benzene; 2, benzene; 3, CHCly
4, pyridine; 5, CH,Cly; 6, DMF.

TABLE 2. Parameters derived from fluorescence decay mea-
suremenis

Compound Solvent A,

Ae i ke Dex
(nm)  (ns} T R

{hem)

Pe Benzene 640 710 75 - -

DMF 60 710 68 - -

1 Benzene 315 650 5.1 - -

710 72 - -

640 710 75 - -
DMF 640 710 32(7.3) 17x310° 531

i Benzene 515 710 6.5 - -
840 710 62 28x10" 173

i Benzene 515 710 S8 - -
640 710 58 39%10° 226

™v Benzene 515 710 58 - -
610 710 58 39%3107 226

v Benzen: 515 710 6.1 -

640 IO 60 34x107 204

and 1.13 V for P¢ and the one-electron reduction
potential E(A~/A) is —1.17 V for TTP and —0.61
V for Pcrelative to the saturated calomel electrode.
From the AG values, we can see that on excitation
of either TTP or Pc, electron transfer from TTP
to Pc is possible, whereas electron transfer from
Pc to TTP is thermodynamically unfavourable.
Table 2 shows that, on selective excitation of either
TTP at 515 nm or Pc at 640 nm of heterodimer

I in benzene, the lifetime of the porphyrin is
shortened but the lifetime of the phthalocyanine
subunit remains unchanged, demonstrating that
only energy transfer occurs in benzene, However,
in DMF, the fluorescence decay measurcments
exhibit two components, one short-lived (3.2 ns)
and one long-lived (7.3 ns). The short lifetime
results from intramolecular electron transfer re-
actions. Transient absorption studies on the pi-
cosecond time scale in DMF confirm the formation
of the porphyrin radical cation in the 590-630 nm
region {6). The electron transfer efficiency can be
calculated from the equation

kep=1/7m—1/5% [C3]
where 7 and 7, denote the fluorescence lifetimes
of the Pc monomer and Pc in the heterodimer
respectively. However, the lifetime of the Pc moiety
in the heterodimers II-V is shortened even in
benzene in contrast with heterodimer I in which
the lifetime of the Pc subunit remains unchanged.
The difference in behaviour of the two kinds of
heterodimer may result from the existence of
different conformers. When a porphyrin is linked
to a phthalocyanine subunit via an oxygen atom,
the conformational changes are more restricted
asink di L Theh di II-Vunderge
conformation changes more freely on excitation
due to the flexibility of the methylene chain. The
distance between the two chromophores and their
mutual orientation during the lifetime of the ex-
cited states determine the clectron transfer effi-
ciency. In heterodimer IV with n=4, the two
chromophores are held in a closely packed con-
formation on excitation which accounts for the
cfficicnt intramolecular electron transfer reaction.
In contrast, heterodimer V with n=5 probably
exists in a partially folded form. The fully extended
form of heterodmmer 1T with # =2 shows very little
¢clectron transfer because of the unfavourable ori-
entation factor.
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SYNTHESES AND SPECTROSCOPIC PROPERTIES orF
PORPHYRYIN-PHTHALOCYARIKE WITH FLEXIBLE PDLYATGHMIC CHAIRS

Hong Jian TIAN, Qing 7

Institute of Photographic Chemistry, Academia Sinica,
P.0.Box 772, Beijing 100101

ABSTRACT: The syntheses of porph‘,"rin—phthalocyanine heterodimers withn
flexible polyatomic chains especially designed for the siudies of
intramolecular photoinduced processes are presented along with the elfect
of mutual orientation of the chromophore subunits on intramoiecular energy

trapsfer efficiency.

The most efficient primary clectron donor in bacterial photosynthesis is

a8 bacteriochlorophyll dimer, the "special pa,xr'"l. This has prowmpted

numerous studies on cofacial?, hinged® or singly linked and folded dimer

porphyrins®'® or dimer phthalocyanines® 8. More recently, a mixed dimer
consisting of a porphyrin linked with a phthalocyanine via an nxvygern atom
with more restricted conformaticnal chenge has been reported?'1?. As part

of our continuing interest in the studies of photoinduced electron transfier
processes sensitized by phthalocyanines!!'!2, we report here the syntheses

of four porpbyrin-phthalocvanine heterodimers covalently linked with

flexible polyatomic chains and the effect of mutual orientation of the
chromophore subunits in the heterodimer influencing the imtramolecular
energy transfer efficiency is discussed.

The reaction of 5-{4-hydroxyphenyl)-10,15,20-tritelyi-porphyrin(1}l?
with Br{CH,)nBr where n=2-5 guve compound (2} n=2, (3) n=3, (4} n=4, (5)
=5 (Scheme 1). Compound (2}-(5) were identified by field desorption (FD)

mass spectra. Their molecular ions were cbserved al m/z 781 {ealcd. 779 for

8=2}, m/z 794 {calcd. 7%3 for n=2), w/z 869 {(calcd. 307 fov n=4) and m/z
821 (calcd. 321 for nz5). Compound (8) was prevared by refluxing 4-
isepropoxy- phthalenitrile (6}7 with 4-{4'-hydroxyphenoxy)-
phthalonitrile(7)'% in N,N-dinmethylaminocthanol for 24 hrs. during which a
steady stream of ammonia g¢as was passed into the solution, the reaction
miXture was poured inta water and filtered. The crude product centaining
¢ompound {8) and a iarge amount of tetra-isopropoxyphthalocyznine was
washed with water, dried, then dissolved in chlorform and chromatographed
©n a silica gel column. Eiution with chlorform gave twe bands. The more

Polar compound was assigned as compound (B) FD-MS m/z 727 (nalcd. 796).
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Coupling of {2}-(5) with [8) was carried out by refluxing in dried DMF in
the presence of potassium hydroxide and a small awmount of potassium iodide

under nitrogen atomsphere for 48 hrs.

scheme 1
+ s L p -0
. w2 O
@ = @
(4
Y =5 (g

=N

R A2
D&+ Qoo e m Le

o

(8) {7) u;'“
Comp: d(2)-{5) + C a(s) o

Lo Q
a2 < 0—(0'5).‘—0-@. Kﬁ‘ o
n=2 (9) N N
g n=3 {10) 8
n=4 (11)
Ma p=8 (12) R
RmCCHiCHalz

8

The reaction mixture was poured into water, filtered and the residue washed
with water, dried and chrosmatographed on silica gel column. Elution with

acetone to remove the unreacted porphyrin {pink band}, then with chlorcoform

gave the heterodimer contaminated with smell amount of impurities. The
solvent was eveporated and the crude product was tsken with benzene and
chrometographed on silice gel column. Upon elution with benzene the first
green band was assigned as the heterodimer (monitored by Uv-visible
spectroscopy Fig.1l). The crude product was dissolved in chloroform and
purified by chromatography on Sephadex LH-20 and eluted with chloroform.

The first band was the heterodimer (9)-{12}. All the heterodimers exhibited

parent ions in thkeir mass spectra using FD mode. The amolecular ions were

observed at m/z 1494 (calcd.1494 n=2), m/z 1507 (calcd. 1508 n=3), m/z 1521

(calecd.1522 n=4), m/2 1535 (calcd. 1536 n=5) respectivly for compounds {8)-

(12}.
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Fig.l. WW-visible spectra of conpound {12) e—, TTP =~ —
and i, = —in benzene(3.2X10 6 mallt) )
The electronic absorption spectra of compound (8}-{12) in benzene are
Fig.1 gives the uv-visible spectra of equimclar mixture of

very similar.
tetraisopropoxy-

free base of tetratolylporphyrin(TTP) and
phthalocyanine(HyPC) as well as compound (12) in benzene.
the intensity of the Sort or B band of porphyrin moiety is signicantly
Wheress the heterodimer @ bands can be ascribed as the sum of
slight intensity decrease
These absorption spectral
the

It is indicated

that
decreased.
the monomers Q bands with a little broading and
of both porphyrin and phthalocyanine @ bands.

changes can be ascribed to weak exciton coupling interaction between

two chromophores in the heterodimer.

1.6 |'

wi )
I i

J

Relative Intenaity
=

00(m)}

Fig.2. Flourassnce spectrs of cospounds (9)-(12) and TTP in benzene
(ZuCISHM) (9}~~~ {10) =~ (1) - (12) ~— 2 TT8 —1

Preliaminary studies by fluorescence spectroscopy showed obvious

decrease of the intensity of porphyrin emission at 660 nm and increxse of
the intensity of phthalocyanine emission at 710 nm upon excitation of the

porphyrin moiety at 512 nm as shown in Fig.2. This behavior was different

ihe fluorescence of equimolar mixture of porphyrin and phthalocyanine

from
increase of emission at 710 nm was detected. The resuits

where no notable
very efficient intremolecular energy transfer from the porphyrin to

show
It is also indicated

*he phthalocyanine chromophore in compound (8)-(12).




in F1§.2 te.r ..e =zmount of incre::e of fluorescence fram the
rathalocyanine moity depends upon the length of the connecting chain. 1t
appears that the flexible nature of the linkage ensures that compound(9)-
(12) undergo conformational changes upon excitation and the distance
between the two chrowophores and their wutusl orientation to be reached
during the life-time of the excited states determine the energy transfer
efficiency.It is ed that P (10} with n=3 and (12) with n=§
can attend closed conformations, whereas the two chromophores in {12) are

held in very close proximity that accounts for the most efficient
intramolecular energy tranfer efficiency. Compound (8) with n=2 and (11)
with n=4{ probably exist in "Z-shape" conformation with the two chromophores
held some distsnce apart, so that energy transfer is less efficient. The
results reported here alsoc demonstrate that the length of the linkage
between the two chromophores is not a sufficient conditien for
intrasolecular energy transfer, There is alsoc a strong geometrical
requiresent.
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China and the Laboratory of Excited State Processes, Changchun Institute of
Physice, Chinese Academy of Sciences for finsncial support of this work.
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PHOTOINDUCED ELECTHON TRANSFER AND ENERGY
TRANSFER IN SUPRAMOLECULAR SYSTEM CONSIST-
ING OF PORPHYRIN AND PHTHALOCYARINE

H.JXu, H.J Tian, §.X.Liy, SY.Shen, QF.Zhou, L.G.Xu, T.K.Li,
T.P.Cheng, L.diang, J. GJm XP.X;):O

( Institute of Fh e v, 4 iz Siaica, ©.0.130x 772,
Beijfing 10010z, China)

ABSTRACT

In the first partintramclecular energy end electron trensfer processes in porphyrin-phihsio-
cyenine heterodimers covalently linked by an oxygen atom with more reatricted conformat-
ion endjor by & flexible chain of varisble length are investigated. Fiudrescence spectroscapy
shows thst singlet-singlet energy transfer from the parphyrin to the phthalocyanine maiety
ocours, From fluorescence decey studies, it is concluded that the heterodimers exist in solu-
tion in different ncn—eqm.hb'atmg canformat:cme The effect of sotvent polarity, chain leng-

th and mutusl n of Lhe h bunite in the b limers influencing the
intr lecular transfer effi ere di i -
In the second part, novel Langmuir-Blodgett films igting of iphilic zinc phthalo-

cyanine and hydrophobic porphrin have been successfully fabricated. Surface pressure-area
isctherms snd wv-vis abeorption spectrs messurements show that the porphyrin molecules are
arranged voluntarily into the cavity between the lcng alkyi chains of the AmZnPc in one
layer of the LB flim. Polarized uv-vis and FT-IR spectroscopic studies indicate that the
AmZnP¢ macroring plane lies neaxly persllel to the substrate surface, while the long alkyl
chaing of AmZnPc are or nearly perpendicular to the substrate surfzce.

Multilayer of the mired LB film are built cnto Sn0, electrode, The photoelectric effects abi-
teined is more than two times larger than that of the individual AmZcPc LB films.

INTRODUCTION

Porphyrin end phthalocyanine have unique properties for their redex behaviars. It seems

that they can provide fuscinating properties whenm their functionslities are cambiped. Moare-
over, the absorption spectra of porphyrin and phthelocyanine cover the entire vigible region
cf the solar spectrum so that it can harvest & large fraction of the energy available in the
solar spectrum. We report here: In the first pert, intramolecular emergy und slectron trexs--
fer in porphyrin-phthalocysnine heterodimers. In the second part,formation,characterizatiorn

of & novel mixed LE film consisting of am amphiphilic zinc pbthalocyanine and a hydropls—
bic porphyrin and its photoelectric behaviors.

EXPERIMENTAL

Materials:  The heterodimer [ and [ -V as wdll as the empluphilic zm
(AmZoPc) ( Figl ) were synuneded in our laberswrs snd detside syntheses wll have tuo
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Fig.1 The structures of the heterodimers

Instruments and methods: The abeorption spectra were messured tn & Hitachi-657 Spectro-
photm,.ber Fluarescmce spectrs were recorded using Perkin-] mmm-smmmm-sw

Fi 1fe-time were d ined using a Horiba
NAES-1100 time-correclated single-photon counting instrument. Redox potentinls were mens—
ured uging a Model 78-1 cyclic vulammew ( Jinan Radic No.4 Facmry ) vnt.h Ag/AgCl
saturated with KCl, s refe de, Pt as pyraly a8
working electrode and 0.1 M LiCl in DMF as supparting electmly\‘e.
Moznoleyer of AmZnPe was spread on pure water subphase (pH ca. 5.6-5.8) from & solution
of equitnoler of AmZoPc and TTP in CHCls ( 1x10™ M ). Surface-pressure isotherm were
measured in a Joyle-Loebel Langmuir-Trough 4 at 25°C, compressed at a speed of 2(mN ™)

min~*, Multilayers were prepared on CaF, slides with dipping speed of Smm min~2,resulted

mafm.rlygood deposition of a typical Y-type film with a transfer ratio of 0.95.

were ded an a Hitachi~567 Sp b with a polarizer.The
onmtatmnuf the LB film with respect to the substrate was determined by the dichraic
ratio of the absorbance of the film for polarized light with electric vectora parallel and per—
pendiculsr to the dipping direction using Yoneyama’s expression®. Infrared messurementa
were performed on a Nibolet 208X FT-IR spectrophotometer equipped with a TGS detector
with a resolution of 4 an™. A ZnSe wire grid polarizer (Spectra Tech. 60.) was used. For
the IR-transmission meawsvrements, the number of interferrogram sccumulation was 400 at
the angle of incidence at 0° and 45° respectively. According to Vandevyver’s procedures®,
the crientation of the LB film with an angle with zespect to the substrate can be caloule-
ed.




SESULTS AND DiSTUR3I0NS

1. Epergy and electron transier in porphyrin-phthalocyanine heterodimers.
1.1 Electranic sbsarption spectrs
The electronic eheorption spectra of heterodimers 1 -V are very simdlar.
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Fig.2 Absorption epetr of 1:1 moler miture of TIP+Pe¢—)
and TTP-G-Pe (~--) in benzems

The ground-etate abeorption spectrum of the heterodimer ] in benzene compared with equi-
moler mixture of TTP and Pc (Fig.2) indicates that in dilute solution, I exhibits the sbsorp—
tion spectrum that is similar to that of the mixture of TTP and Pc. However,the Saret band
of the porphyrin maiety is slightly decreased and red-shifted. While the heterodimer @ band
can be ascribed as the sum of the monomers Q bands with a little broadening and intensity
decreased of the parphyrin and hlue—ﬂmfbed af phthalocysnine @ bend. The results can be
ascribed to weak exciton coupling i the two ch h, in the hetero—
dimer in ground state,

1.2 Steady-State Fluarescence Spectroscopy

Excitation of heterodimer ] at §lonm, & drastic decremse of the porphyrin fluorescence is
ohaerved accompanied with the i of phthalocyanine ion with & peak at 710 nm
(Fig. 3). Similar results were obtained from heterodimers [-V¥, but the porphyrin fluo-
Tescence is almost quenched and the increase of the intemsity of the phthalocyanine flue—
reacence depends markedly upon the length of the connecting chain. The hetrodimer V
exhibits the stromgest phthalocyanine emission indicating thet energy transfer ig most fa-
vaorable. The corrected excitation spectrum of the leterodimer ] and V is campared with
its abeorption spectrum respectively (Fig.4). Monitoring the emission at 710 nm { pbthalo-
cyanine fluorescence ) and scanning through 500-740 nm region of the excitation spectrum
showe that after normalizing st 702 nm, the agreement between the two epectra is seen to
be good for the heterodimer T in benzeme indicating that energy tramsfer is very efficient.
However, there is & discrepancy between the excitation spectrum and the ground-state ab-
sorption spectrum in the 500-580 nm region where the TTP absorbs for the heterodimer
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Fig4 Comparision of excitation (A.=Tiom) (~—9 and sbecrption (——) spectra -
reccrded in difute benzene solution: (a) TTP-O-Fe, (b) TTP-O-(CHa)a-G-Pe
The spectra have been normalized at 702 nm.
that i lecular energy fer is not 1! bably due to other quenching pro—

ceases such as electron transfer and the formation of short-lived intermediates, Quantita—
ﬁve.ly, the efficiency of energy tramfer can be estimated from the ratic of the corrected

to the g spectrum in the 500-580 nm region. The
resultxarecollectedm’l‘uhlel 'I‘heme:gytmnsfuefﬁme‘ncy ¢m,.1-eanbeuaedtoes.\~
culate the average rate for energy j e

Pmar =kmor{lkeor + T5*
Where t o is the life-time of the dnnor—porphyrin (+ =123 ne in benzene), The derived
values are also included in the Table 1. Thus, Steady—state flucrescence data show that
intramolecular singlet-singlet energy transfer from TTP to Pc in the heterodimer] occurs
more efficiently in benzene than iv DMF. While in the heterodimers ] -V, the transfer is
leas efficient and depends markedly upon the chain length. The difference in behaviors
when going from benzene to DMF for the heterodimer ] could be explained in terms of
conformational changes due to solvent interactions. It is suggested that the heterodimer |




phore (it [Evors intramoiecuier clem

ciule nature of the conmecting chein ellowe & vhole femil :Ii Al
farmation to be ndopted renging from fully extended to & closed form with the two
phores held in a closed proximity. Thus,electron transfer occurs in competition with ena-

transfer processes.
Table 1 Parameter derived from steady-state
£l

sobitele of ook

apectra in b
Compound @ xcar(F0) Emnr(s7)
I 733 2.2x10°
] in DMF 8.8 5.0x 107
I 30.0 3.5x 107
B 3.0 3.5x 107
¥ 26.8 2.9x 107
v 37.9 5.0x10”

1.3 Fluorescence decay studies
Aa mentnmed abave, the parphyrm fluarescence has been obeerved to be quenched by phuu:
energy and electron transfer, while the flucrescence of

phtbalocyenine is quenched by porphyrm vig electrom transfer. The free enthelpy chenge

AGo = EDDY " E(A-/A) - Es- C
Here, Es indicates the excitation energy wludz amou.n(x to 1.90V for TTP and 177V for Fc,
while C denotes the emsll additi ¢ of the DA pair which amounts

and L13 V for Pc and one—electron reduction potential B(A~fA) equals to -1.17 V far 7
and -0.61V for Pc relative to the satursted calomel electrode. From the AG Valuee, v
se2 thet excitation of either TTP ar Pe, electron transfer from TIP o Pc is poesible, «
electron transfer from Pe ta TTP is thermodynamicslly unfevorable. Table 2 shows

Table 2 Parawmeters derived fram £l decay
Compound  solvent Aex ke 1. ker [
mm DM ne Ll %
Pe bensene 640 T 5 - -
DMF 640 70 68 - -
I bengene 515 6% 51 - -
70 7.2 - -
640 70 75 - ~
DMF 640 710 3.2(7.9) 17X 10° 83,1
)4 benzene 515 710 65 - -
640 70 6.2 2.8% 107 17.3
4 benzene 516 no 6.8 - -
840 710 5.8 3.8x107 226
i benzene 615 70 5.8 - -
640 70 5.8 3.9x107 2.6
\2 benzene 515 70 61 - -

640 70 8.0 8.4x 107 2.4
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