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Photophysics of Pyridylporphyrin Ru(ll) Adducts: Heavy-Atom Effects and Intramolecular
Decay Pathways
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Eight adducts between different pyridylporphyrins and ruthenium complexes, MPyR[RMSO),(CO)], c-DPyP-
[RuClx(DMSO)(CO)]p, TrPyP[RUCHDMSO),(CO)ls, TPYP[RUCHDMSO)(CO)ls, (MPYPR[RUCL(DMSOY),],
{c-DPYP[RUCHDMSO)]} 2, MPYP[RUC(CO)], and{ c-DPYP[RUCHCO),]} 2, have been investigated. The results
show that in all the adducts the porphyrin singlet is quenched, to a greater or lesser extent, relative to the parent-
free molecule. This study provides insight into the mechanisms of singlet quenching in the adducts. Two mechanisms
for singlet quenching, both related to the “heavy-atom effect” of the ruthenium center and experimentally
distinguishable by transient spectroscopy, are examined. Enhanced intersystem crossing within the porphyrin
chromophore is demonstrated for the series of adducts MPyP{UEEO),(CO)], c-DPYP[RUCH{DMSO),-

(CO)]o, TrPYP[RUCKHDMSO)(CO)]s, and TPYP[RUGIDMSO),(CO)Ls, where a nice correlation is observed
between the magnitude of the effect and the number of ruthenium centers attached to the pyridylporphyrin
chromophore. Singlettriplet energy transfer from the pyridylporphyrin chromophore to the ruthenium center(s)

is an additional efficient quenching channel for adducts containing ruthenium centers with weak field ligands and
low triplet energies, such as (MPyRuUCl,(DMSO),] and{c-DPyP[RUCLDMSO)]}».

Introduction Pyridylporphyrins (PyPs) can be considered as particularly
) o . attractive building blocks for the construction of photoactive
In the rapidly developing field of supramolecular chemistry,  ,,ramolecular systems. A typical series, carrying a variable
porphyrins and metalloporphyrins occupy a relevant place, being n,mper of 4-pyridyl (n) and phenyl (4- n) groups in the meso
frequently used as building blocks for the construction of positions of the porphyrin ring, is shown in structufiess. As
artificial systems wi;h special buillt-in propertieg or functions.  or other porphyrins, they have attractive spectroscopic, redox,
Among these, light-induced functiohand in particular those 54 photophysical properties. In addition, however, the presence
inspired by natural photosynthesis have attracted a great dealyt meso pyridyl groups provides further synthetic flexibility,
of atten_tlon._ P_hotomduced charge separation in the r_eactlonas these groups can be coordinated to metal-containing frag-
centef is mimicked by several types of covalen}ly Iml:ed ments of various coordination numbers and geometries. Adducts
donor—acceptor systems, including porphyrin-based “triads” and ,ptained by peripheral coordination of pyridylporphyrins to
more complex architecturés-or the light-harvesting function  gjnq)y unsaturated metal centers have shown new, interesting
carried out by a large number of chlorophyll molecules in the photophysical propertigs On the other hand, when polyun-

“antenna’ unit$, several synthetic models have been developed, saturated metal fragments are used to bridge two (or more)
including multiporphyrin array8.
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physical properties of these pyridylporphyrin adducts have not
always been investigated in detail. When this was done,
however, the lifetime of the lowest singlet excited state and the
associated fluorescence emission were always found to be
substantially quenched in the metal adducts with respect to the
free pyridylporphyrin chromopho®&:¢¢11dThis was true even

for systems in which any obvious quenching mechanism be-
tween the chromophore and the metal-containing unit (e.g.,
singlet energy transfer, photoinduced electron transfer) could
be ruled out. For example, in side-to-face adducts between
pyridylporphyrins and ruthenium porphyrins suchéznd7,1d

pyridylporphyrin units, supramolecular species of considerable
structural and photophysical interest, ranging from discrete
supramolecules (molecular squaress 3 arraysj to solid-state
arrays (tapes, surfacés}®are obtained.

Furthermore, when the peripheral pyridyl groups coordinate
axially to the metal center of another porphyrin, interesting
“side-to-face” porphyrin arrays are generatéd* The photo-
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the pyridylporphyrin singlet is definitely lower in energy than
both the ruthenium porphyrin singlet state and the lowest
intercomponent charge-transfer state. Nevertheless, the fluores-
cence lifetime of the pyridylporphyrin unit is much shorter in
the dimer6 (3.6 ns) and in the pentam&r(0.5 ns) than in the
corresponding free pyridylporphyrins (e.g., 9.7 ns for MPyP).
Wetldand other¥efsuggested that the quenching of the singlet
state of the pyridylporphyrin in the adducts is due to the “heavy-
atom effect” of the metal®

(15) In most of these studies, the metal centers involved were 4d or 5d
metals [e.g., Ru(ll), Pd(ll), Re(l), and Pt(ll)]. Aside from synthetic
and stability reasons, this is motivated by the need to avoid low-
lying metal-centered excited states acting as radiationless deactivation
sinks.
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The conventional notion of this effect is that the presence of
heavy atoms provides a spiorbit coupling perturbation,
thereby relaxing the spin-selection rules for radiative and
radiationless transitions. In a simple molecular system, quench-
ing of the lowest excited singlet state;Y$ the presence of a
heavy atom is expected, a consequence of enhanced intersystem
crossing ($—Ty). The situation is more complex for a su-
pramolecular system, where excited states localized on different
molecular components are present. In such a case, both intra-
and intercomponent spin-forbidden processes could, in principle,
be responsible for the observed quenching effect (see Discus-
sion). To obtain further insight into the heavy-atom effect in
such supramolecular systems, we have now studied in some

detail the photophysical behavior of the series of addgretks.
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Experimental Section

Materials. The syntheses and full NMR characterizations of adducts
8, 9, 11, and 12 and model compounds Il , and IV 1¢ are reported
elsewhere; the preparation and full spectroscopic characterization of
13 and 15 are being described elsewhéfeThe synthesis and
characterization of adducts0 and 14 and model compoundl are
reported herein.

TrPyP[RUCI 2(DMSO),(CO)]5 (10). A 182.6-mg amount otis,-
fac-RUCL(DMSO)(CO) (0.42 mmol) was added to a solution of TrRyP
0.5CHC} (81.2 mg, 0.12 mmol) in 15 mL of CHgland the mixture
reacted for 24 h at room temperature. The product precipitated as a
noncrystalline, purple solid after the solution was concentrated to less
than half of its volume (without heating) and diethyl ether was added,;
it was collected by filtration, washed with cold acetone and diethyl
ether, and vacuum-dried. Yield: 65%. Anal. Calcd fegtssN7ClsOqg-
RuSs (MW = 1686.46): C, 39.9; H, 3.77; N, 5.81. Found: C, 39.2;
H, 3.65; N, 5.87. mp>300°C. *H NMR (CDCls, 400 MHz, 25°C):
—2.93 (2, s, NH), 3.61 (9, s, DMSO), 3.64 (9, s, DMSO), 3.69 (18, s,
DMSO), 7.80 (3, mm+pH), 8.17 (2, moH), 8.22 (6, m, H3,5), 8.87
(2, m, pH), 8.93 (6, m,H), 9.50 (6, m, H2,6). Selected IR bands
(Nujol, cm™): ve—o = 1982 (VS);¥s=0 = 1110 (vs).

MPyYP[RUCI»(CO)3] (14). A 50-mg amount otis,facRUCL(CO)-
(DMSO0) (0.15 mmol) was added to a solution of MP§BCHC} (81.2
mg, 0.12 mmol) in 10 mL of CHGJ and the mixture reacted for 24 h
at room temperature. The product precipitated as a noncrystalline, purple
solid after the solution was concentrated to less than half of its volume
(without heating), and diethyl ether was added,; it was collected by
filtration, washed with cold acetone and diethyl ether, and vacuum-
dried. Yield: 74 mg (70%). Anal. Calcd for46H29NsCl,OsRu (MW
= 871.73): C, 63.4; H, 3.35; N, 8.03. Found: C, 64.0; H, 3.28; N,
7.89. mp>300°C. *H NMR (CDCls, 400 MHz, 25°C): —2.77 (2, s,
NH), 7.78 (9, mm+pH), 8.22 (6, moH), 8.41 (2, dJ = 8 Hz, H3,5),

8.87 (6, mH), 8.94 (2, dH), 9.36 (2, dJ = 8 Hz, H2,6). Selected
IR bands (Nujol, cm?): vc—o = 2135, 2070, 1995 (vs).
trans,cisRuCIl(DMSO)a(py). (II). Pyridine (85uL, 1 mmol) was
added to a solution of 0.2 g éfansRUCL(DMSO), (0.41 mmol) in 8
mL of chloroform, and the mixture reacted overnight at room
temperature. The solution was then concentrated in vacuo to ca. 2 mL
and stored at 4C after a few drops of diethyl ether were added. Deep
yellow microcrystals of the product formed within 24 h and were
removed by filtration, washed with diethyl ether, and vacuum-dried.
Yield: 0.18 g (90%). Anal. Calcd for GH2.Cl:2N,O,RUS (MW =
486.45): C, 34.6; H, 4.59; N, 5.76. Found: C, 34.4; H, 4.65; N, 5.64.
H NMR (CDCl;, 400 MHz, 25°C): 3.26 (12, s, DMSO), 7.24 (2, m,
pH), 7.72 (4, m, mH), 9.15 (4, m, oH). The solvents for the
spectroscopic measurements, dichloromethaneqGHethanol (EtOH),
and butyronitrile were of spectroscopy grade and used as received.

Apparatus. NMR spectra, recorded in CDEbn a JEOL EX400

spectrometer, were referenced to residual GHEF 7.26). UV—vis

(16) Alessio, E.; Milani, B.; Bolle, M.; Mestroni, G.; Faleschini, P.; Todone,
F.; Geremia, S.; Calligaris, Mnorg. Chem.1995 34, 4722-4734.

octahedral Ru(ll) fragments differing in ligands and stereo- (17) lengo, E.; Minatel, R.; Zangrando, E.; Alessio; E. Manuscript in

chemistry (see model moleculés1V).

preparation.
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spectra were recorded with a Perkin-Elmer LAMBDA40 spectropho- : : . . . . T . 4
tometer. Emission spectra were taken on a Spex Fluoromax-2 or on a
Perkin-Elmer MPF 44E spectrofluorimeter (77 K measurements),
equipped with Hamamatsu R3896 tubes.

Nanosecond flash photolysis was performed by irradiating the sample =
with 6—8-ns full width at half-maximum pulses of a Continuum _,5
w

i
©

Surelight Il Nd:YAG laser (10 Hz repetition rate) using a pulsed Xe
lamp perpendicular to the laser beam as probing light. The desired
excitation wavelength was obtained by frequency doubling (532 nm).
The 150 W Xe lamp was equipped with an Applied Photophysics model
40 power supply and Applied Photophysics model 410 pulsing unit
(giving pulses of 2 ms). A shutter, Oriel model 71445, placed between
the lamp and the sample was opened for 100 ms to prevent PMT fatigue
and photodecomposition. Suitable pre- and postcutoff and band-pass
filters were used to prevent photodecomposition and scatter light of 0 : . . . ; '
the laser. The light was collected in a LDC Analytical monochromator, 300 400 500 600 700 800
detected by a R928 PMT (Hamamatsu), and recorded on a Lecroy 9360 A /nm

(600 MHz) oscilloscope. The laser oscillator, Q-switch, lamp, shutter,
and trigger were externally controlled with a digital logic circuit, which
allowed for synchronous timing. The absorption transient decays were
plotted asAA = log(l,/I;) vs time, wherd, was the monitoring light
intensity prior to the laser pulse, ahdvas the observed signal observed
at delay timet. Transient spectra were obtained from the decays
measured at various wavelengths, sampling the absorbance changes at
constant delay time.

Emission lifetimes were measured by time-correlated single-photon
counting using a PRA 3000 nanosecond fluorescence spectrometer
equipped with a model 510B nanosecond pulsed lamp and a model
1551 cooled photomultiplier; the data were collected on a Tracor
Northern multichannel analyzer and processed using original Edinburgh
Instruments software. / , ,

Electrochemical measurements were carried out with a PC interfaced 650 700 750 800
Eco Chemie Autolab/Pgstat30 Potentiostat, using the General Purpose Alnm
Electrochemical System (GPES), version 4.7 software. All the low- gigyre 2. Emission spectra d& (full line) and adduct.1 (dotted line)

temperature experiments were measured by using an Oxford Instruments, CH,Cl,; optically matched solutions (excitation wavelength, 590 nm).
DN 704 cryostatic equipment with quartz windows and a standard 1-cm

rofluorimetri \, . . S
spectrofluorimetric cuvette ) ' taken to avoid the use of coordinating solvents and extremely
Procedures Cyclic voltammetric measurements were carried out

on Argon-purged 16 M sample solutions in CkCl (Romil, Hi-dry), diluted .solutllons_. The experiments reported in thls.paper refer
containing 0.1 M [TBA]PK (Fluka, electrochemical grade, 99%; dried  t© solutions in dlchloromethane at concentrations h|g.h.er than 1
in an oven). A conventional three-electrode cell assembly was used in X 107> M, unless otherwise noted. In these conditions, no
CV: a saturated calomel electrode (SGE= 6 mm, AMEL) and a appreciable dissociation was revealed by concentration-depend-
platinum wire, both separated from test solution by a frit, were used as ent spectrophotometric measurements. The solutions were also
reference and counter electrodes, respectively; a glassy carbon electrodphotochemically stable. In particular, no decomposition was
(8 mn?, AMEL) was used as a working electrode. Cyclic voltammo-  observed during the laser flash photolysis experiments.

grams were recorded at room temperature, in a potential window Absorption Spectra. The absorption spectrum of TPyP-
ranging from—2 to+1.7 V vs SCE and were appreciably independent [RUCL(DMSOY(CO)J (11) is shown in Figure 1. The spectra

of different scan rates in the range-20000 mV/s. Reported data will . . .
be referred to at a 100 mV/s scan rate. For reversible processes, theOf all the other adducts3{-15) were practically identical to that

halfwave potential value was calculated from the average of the potential ©f Figure 1, with very minor changes-¢ nm) in the wavelength
value of cathodic and anodic peaks with an experimental error within Of absorption maxima. The spectra of the adducts were in all

+0.02 V. cases very similar, except for a small bathochromic shiftq2
Fluorescence decay measurements were performed withl 35 nm), to thoséd of the parent pyridylporphyrins. The fact that
M solutions by time-correlated single-photon counting. Time profiles the spectra of the adducts are dominated by the pyridylporphyrin
were analyzed with standard iterative nonlinear procedures accordingcomponent is consistent with the very small visible absorption
to single exponentials (0.98 y? < 1.08; estimated error on the lifetime expected from the Ru(ll) components. For instat@scis,cis-
= 0.1 ns). RUChL(DMSOX(py): (Il , appropriate model for adduct and
13) has a weak ¢d band at 430 nm, andis,cis,cisRuCh-
(DMSO)(CO)py (, appropriate model for addudds-11) only
Stability in Solution. As shown by previous work on side-  starts absorbing at 380 nm.
to-face porphyrin arrays, the stability of pyridylporphyrin ad-  Emission. All the pyridylporphyrins exhibit strong fluores-
ducts may be a critical issue. Although the high affinity of-Ru cence (0, ca. 0.1) with very similar emission spectead nm).
dimethyl sulfoxide complexes for N-donor ligai8iss likely That of 5, TPYP @max = 644, 709 nm), is shown in Figure 2.
to make the present adducts more stable than the previouslyFor purposes of comparison (see Discussion), the emission
described multiporphyrin array8? similar precautions were spectrum of the methylpyridinium analogue, TMePyPwas
also studied. The relevant data, in EtOH, are as follows:

4
€ X 10* (M'em™)

£
=]
=

1
~

Figure 1. Absorption spectra 06 (full line) and adductl1 (dotted
line) in CHCl,.

Results

(18) Henn, M.; Alessio, E.; Mestroni, G.; Calligaris, M.; Attia, W. Morg. TMePyP, Amax = 653, 716 nm; TPyPlmax = 645, 711 nm.
Chim. Actal991, 187, 39. (b) Iwamoto, M.; Alessio, E.; Marzilli, L. .
G. Inorg. Chem.1996 35, 2384. (c) Alessio, E.; Calligaris, M.; In contrast, ruthenium model compounds, elgandll , do

Iwamoto, M.; Marzilli, L. G.Inorg. Chem.1996 35, 2538. not emit either at room temperature or at 77 K (butyronitrile
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Table 1. Fluorescence Lifetimes of Pyridylporphyrins and Addéicts  Table 2. First Oxidation and Reduction Processes of Selected

no. molecule £, nsp (z%)° Adducts
Erea®V  Eox®V  AEoyreds and

:lg Eﬂgﬁzp 88%) no. adduct vs SCE vs SCE \

4 TrPyP 7.5 8 MPyP[RUuCLDMSO)(CO)] -1.22 1.05 211

5 TPyP 7.1;9.14 11 TPyP[RuCKDMSO)(CO)L -0.91 1.04 1.79

TMePyP+ 10.1 12 (MPyPY[RUCl(DMSO),) -1.17  1.04 2.04

8 MPyP[RuCL(DMSO),(CO)] 6.3 1.29 13 {c-DPyP[RUCKDMSO)]}, -1.10 1.04 1.98

9 c-DPYP[RUCHDMSO),(CO)l, 4.4 1.82 15 {c-DPyP[RUCKCO)]} -1.07 1.02 1.93
10 TrPyP[RUCHDMSO)(CO)s 3.3 2.27 a . -
11 TPYP[RUCKDMSOX(CO)x 27 2.63 All measurements were made in @k, containing 0.1 M
12 (MPyPY[RUCL(DMSO)] 4.8 1.69 [TBA]PFs with a scan rate of 100 mV/s; all potentials are vs SCE, and
13 {c-DPYP[RUCKDMSO)]}» 22 3.64 the ferrocenium-ferrocene couple was used as an internal reference
14 MPYP[RUCH(CO)] 6.7 1.21 (0.43+ 0.02 V). Halfwave potential in cyclic voltammetryAE =
15 {c-DPYP[RUCHCO)]}» 5.7 1.40 80—100 mV). ¢ Halfwave potential in cyclic voltammetrnAE = 60—

) ) 70 mV). 9 Estimated energy of electron-transfer state, see Discussion.
a|n CH,Cl,, unless otherwise noteBlEstimated errors=0.1 ns.¢ For

definition of 7% see Discussiorf.In EtOH. Table 3. Numbering Scheme of Porphyrin Models for Adducts and
Constituent Units

0.04r P - Ru-containing unit
| I I \
1 8 12 14
0.02r . ' 2 9 13 15
p 4 10
= 5 11
0.001 >
—~-nu \ ——12 \ - 13 \. Redox Potentials.A complete characterization of the elec-
-5 e N N trochemical behavior of model systems and adducts was not
450 500 450 500 450 500 attempted. For mechanistic reasons (see Discussion), attention
A/ nm was focused on the potential values for the first oxidation and

Figure 3. Transient absorption spectra of pyridylporphyrins and reduction processes. Values for a number of pyridylporphyrin
adducts:5 and11, 1 and12, and3 and13. Isoabsorptive solutions of Ru(ll) adducts are reported in Table 2. In all the adducts, the
porphyrin and adduct (at the excitation wavelength, 355 nm); spectra first reduction process takes place at the porphyrin ring (in Ru-
taken 20 ns after pulsed laser excitation. (1) model compoundsl and Il, reduction only occurs at

. potentials more negative thatil.50 V). The assignment of the
glass), as expected for Ru(ll) complexes with the lowestld ¢ xidation process is uncertain, as both the pyridylporphyrins

states:? ) . o and the Ru(ll) models undergo oxidation in the same potential
All the pyridylporphyrin-Ru(ll) adducts exhibit fluorescent  range (0.981.07 V).

emissions with very similar maxima, except for a small red shift

(=10 nm) to their parent pyridylporphyrins. The emission Discussion

spectrum ofl1 (Amax = 650, 712 nm) is compared with that of

the paren[ pyr|dy|p0rphyr|n50 in Figure 2. Since the Spectra To facilitate the discussion of the photophysical effects
were obtained on optically matched (at the excitation wave- observed upon adduct formation, Table 3 summarizes the
length) solutions, Figure 2 also emphasizes the fact that therelationships between the addud@s-(5), the parent pyridylpor-
emission of the adduct is weaker than that of the parent Phyrins (L, 2, 4, 5), and the ruthenium-containing units—
pyridylporphyrin. This was true, to a varying degree, for all IV). Inspection of Table 1 reveals that in all the adducts the
the adducts examined. The differences in emission intensity €Mitting singlet excited state is shorter lived than in the parent
between the various species are paralleled, as expected, byyridylporphyrin molecule. The differences are not very large
differences in emission lifetimes. Lifetimes for pyridylporphyrins ~ but clearly outside the experimental errerQ.1 ns). The ratios
and adducts are collected in Table 1. For purposes of comparisorPetween the lifetimes of parent pyridylporphyrifi, and adduct,
(see Discussion), the lifetime of the methylpyridinium analogue 7. are given in the last column of Table 1 and are plotted in

of TPyP, TMePyB*, has also been included. Figure 4 as a function of the number of ruthenium centers
Transient Absorption. Transient spectra were measured attached_to each pyrldylporph_ynn_chromophore. The interesting
using deareated solutions, in the spectral range-540 nm, observations are as follows: (i) With the same type of Ru center,

where the triplet states of the pyridylporphyrins exhibit distinct there is a nice correlation between the lifetime shortening and
absorptiortid Figure 3 shows the difference spectra obtained the number of metal centers attached to each chromophore (e.q.,
for adductsL1 TPyP[RUCKDMSO)(CO)L, 12 (MPyPL[RUCI,- adducts8—11 and adductd 2 and 13). (ii) The magnitude of
(DMSOY),], and13{c-DPyP[RUCKDMSO)]} ». These transient  the effect seems to depend markedly on the nature of the Ru
spectra are compared with those obtained for isoabsorptive (atcenter (> 1> 1V~ 1il). _

the excitation wavelength) solutions of the appropriate parent A preliminary question to be answered is whether the decrease
pyridylporphyrins 6, TPyP;1, MPyP; and3, c-DPyP, respec- in fluorescence lifetime after adduct formation could be a
tively). All the transient spectra were taken 20 ns after pulsed consequence of coordination as such. As a matter of fact, some
laser excitation (at 355 nm) and remained appreciably constantPerturbation of the energy levels of the porphyrin chromophore

in a microsecond time scale. takes place after adduct formation, as shown by the ubiquitous,
though small, red shift of fluorescence. That these energy
(19) Ford, P. C.; Wink, D.; Di Benedetto, Brog. Inorg. Chem1983 30, changes do not cause, per se, fluorescence quenching is dem-

213. onstrated by the comparison betweBnand the analogous
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Figure 5. Schematic representation of the deactivation pathways from

Figure 4. Trends in porphyrin singlet quenching after adduct formation. - {he norphyrin singlet excited state in the adducts (PyP, pyridylporphyrin
The extent of quenching, given as the ratio of the fluorescence lifetime jt: Ry, ruthenium complex unit).

of the parent pyridylporphyrinzf) to that of the adductr, is plotted
as a function of the number of ruthenium centers attached to each

pyridylporphyrin.

number of Ru centers

effect of ruthenium. Their relative importance is difficult to
predict. Forksc, the heavy atom is remote, but the process is
N-methylpyridinium species TMePyP. This species can be an intracomponent one. Fésren the heavy metal center is
taken as a model for TPyP interacting with a strong Lewis acid. directly involved, but the process is an intercomponent one.
The results show that methylation of the pyridyl nitrogens is Furthermore, the feasibility dfste, depends critically on the
indeed accompanied by a pronounced red shift of the fluores- energy of the triplet state of the Ru(ll) center.
cence. The lifetime, however, is hardly affected (in fact, a small  In principle, transient spectroscopic experiments can be used
increase is observed in Table 1). Thus, the fluorescenceto discriminate between the two pathways. An acceleration of
quenching generally observed in the adducts should be attributedhe ISC process in the PyfRu adducts should not appreciably
to intrinsic properties of the metal-containing fragments other modify the amount of PyP(@) formed with respect to the
than their Lewis acid behavior. pyridylporphyrin models, where the quantum yield is already
As far as potential-quenching mechanisms are concerned,ca. 90%?2 On the other hand, the yield of formation of PyP-
singlet-singlet energy transfer can be easily ruled out on (T;) is expected to be substantially diminished if STEn takes
energetic grounds. The appended Ru(ll) units do not show place in the adducts, as the very short lifetime of the Ru(T
appreciable absorption &t= 500 nm, implying that their lowest  states precludes any possibility of reformation of PylP@y
singlet states (of metal-centered nature) are always much highelTTEn2® For three cases of substantial singlet quenching,
(24600 cn1) than the porphyrin singlet. pyridylporphyrin and adduct transient spectra are compared in
Intramolecular ruthenium-to-porphyrin electron transfer is Figure 3.
another potential mechanism for the quenching of the porphyrin  The results of Figure 3 seem to indicate different pathways
excited singlet state. In principle, the energy of the relevant for adducts with different Ru centers. In particular, id; the
electron-transfer state can be inferred from electrochemical data.pyp(T;) absorption has the same intensity (except for the
To do this, the difference between the first oxidation and the expected red shift} as for the pyridylporphyrin modél. This
reduction potentials must be corrected to account for the supports the acceleration of intersystem crossing within the
Coulombic stabilizatio?? (ca. 0.16 V) of the electron-transfer porphyrin sc in Figure 5) after adduct formation. On the other
state (Table 2). The singlet excited-state energy of the porphyrinhand, an evident decrease in triplet formation is observed for
unit in this series of adducts is 1.92 0.02 eV. Inspection of 12 and 13with the effect paralleling the amount of singlet
Table 2 shows that conversion to the electron-transfer statequenching (Table 1 and Figure 4). This supports the occurrence,
would be clearly uphill for8, 12, and13; slightly endoergonic  for this type of adduct, of singlettriplet energy transferk&ren
for 15, and downhill only forl1. However, there is no apparent in Figure 5)2° Thus, both mechanisms seem to be operative in
correlation between the electron-transfer energy in Tab® 2 ( the adducts studied, the choice being dependent on the type of
> 12> 13> 15> 11) and the quenching efficiency in Table Ru center: enhanced intersystem crossing with centers of type
1(8 <15 <12 <11 < 13). Thus, although some contribution | or singlet-triplet energy transfer with centers of tyfle The
cannot be definitely ruled out (especially fbt), intramolecular
electron transfer does not seem to be a likely quenching pathway(21) These two quenching mechanisms are also mentioned by Mak, C. C.;
for this series of adducts. Bampos, N.; Darling, S. L.; Montalti, M.; Prodi, L.; Sanders, J. K.

- i i _ M. J. Org. ChemIn press.
The heavy-atom effect was suggested as an effective singlet (22) Kalyanasundaram. Knorg. Chem.1984 23, 2453. (b) Kalyana-

quenching mechanism in previously studied porphyrin arrays sundaram, KPhotochemistry of Polypyridine and Porphyrin Com-
containing pyridylporphyrin and Ru(ll) unitss(and 7).114 In plexes Academic Press: London, 1992.
broad terms, this effect refers to the enhancement, by-spin (23) This diagnostic possibility was not available for the previously studied

. . o . P Ru(ll)—pyridylporphyrin array$—7,'dwhere the Ru(J) states were
orbit coupling, of a formally spin-forbidden deactivation process intrinsically long-lived and efficient TTEn was observed.

of the singlet state of the porphyrin. It is important to realize (24) Analogous red shifts in triplet absorption were observed for side-to-
that, in supramolecular systems of this type, two spin-forbidden face Ru(ll)-pyridylporphyrin arrays!?We have no reasons to believe

deactivation channels are generally available to the porphyrin ~ that such shifts in the triplettriplet absorption are accompanied by
major changes in molar absorptivity.

singlet (Figure 5): (i) intersystem crossing within the porphyrin - 25) Exciton interaction could be suggested as an alternative quenching
chromophore Ksc) and (ii) singlet-triplet energy transfer to mechanism for bis-porphyrin adducts with cis geometry such?as

the attached unit kéTEQ-Zl In principle, both channels can and13 (we thank one of the reviewers for pointing out this possibility).

. We could not find, however, any experimental indication of exciton
become partially allowed as a consequence of the heavy-atom coupling (e.g., spectral splittings) in these species. Furthermore, exciton

quenching is ruled out by the fact that the bis-porphyrin addéct
(20) Rehm, D.; Weller, ABer. Bunsen-Ges. Phys. Cheh969 73, 834. with exactly the same porphyrin geometry, is quenched to a much
(b) Weller, A. Z. Phys. Chem1982 133 93. smaller extent thaid3.
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most likely explanation for this switch in mechanism lies in radiationless decay within the adduct. The two quenching
the dependence of the energy of the Ry(State on the mechanisms can be experimentally distinguished by means of
coordination environment at the ruthenium center. Unfortunately, transient spectroscopy.
direct spectroscopic information on ligand-field triplet energies  The first mechanism is enhanced intersystem crossing within
of this type of Ru(ll) complex is not available. However, these the porphyrin as a consequence of the heavy-atom effect of the
energies depend on the average ligand field strength and areuthenium metal. This classical heavy-atom-induced quenching
expected to decrease frano Il (CO > py). Thus, it is likely is expected to be a general phenomenon for rutherium
that the singlettriplet energy transfer channel is energetically pyridylporphyrin adducts. In a series of adducts of varying
available for adducts containing ruthenium centers of tfpe  stoichiometry, its magnitude is found to correlate nicely with
(12 and 13) but not for adducts containing ruthenium centers the number of ruthenium centers attached to the pyridylpor-
of type | (8—11). The singlet-triplet energy transfer channel  phyrin chromophore.
should be unavailable, a fortiori, for the adducts with ruthenium A second quenching mechanism is singietplet energy
centerslil (14) andIV (15) containing three and two strong-  transfer between the pyridylporphyrin chromophore and the
field CO ligands, respectively. Indeed, these adducts exhibit very ruthenium centers. When energetically allowed, this mechanism
similar quenching behavior, as far as we can tell from Figure provides an additional, efficient channel for singlet quenching.
4, to those with typé ruthenium centers. In the series of adducts studied, this mechanism seems to be
) limited to ruthenium centers with weak field ligands (and thus
Conclusions with low triplet energies).
{henium complexes have been mvestgated. The rosuls add to, ACK"OWIedgment. This viork vas carred out with financial
previous observations, showing that quenchi.ng of the porphyrin support from MURST (Progetto Fotosintesi Artificiale), CNR

. ; ’ (Centro di Fotoreattivitee Catalisi, Ferrara), EEC (TMRX-
singlet is a general feature for these types of adducts. Further- ) d EU COST (Action D11, Supramolecular
more, this study provides insight into the mechanisms of singlet €196 .0076)’ an ' P

L7 . . Chemistry, Project D11/0004/98).

quenching in the adducts. Two mechanisms are possible, both
related to the relaxation of spin selection rules for singlet 1C0101331





