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Abstract

The ultraviolet photochemistry of mixed porphyrin- - -phthalocyanine aggregates containing (meso-
tetramethylpyridylporphyrinato)manganese(IIl) chloride has been investigated. Photolysis results in the
photoreduction of the manganese center in the presence of a radical scavenger. Aggregation has a
pronounced effect on the quantum yield of the process. The results are explained in terms of a charge
transfer between the component macrocycles. The stability of the photoproduct is markedly influenced
by the presence of phthalocyanines as evidenced by the rate of reoxidation of the photoproduct by

oxygen.

Introduction

Porphyrins and porphyrin-like  macrocyclic
compounds perform a myriad of functions in bio-
logical systems. In many of the proteins involved
with the processes of respiration and photosynthesis,
two or more macrocycles are found in close proximity.
It has been suggested that a coplanar arrangement
of the macrocycles is an essential feature for the
electron transfer process [1].

A number of methods involving synthetic por-
phyrins have been developed to model the interac-
tions between macrocycles found in these complicated
biomolecules. These include covalently linking two
or more porphyrins [2], structural and magnetic
characterization of ‘face-to-face’ dimers in the solid
state [3], and pairing porphyrins having oppositely
charged substituents about their peripheries [4]. This
last method is particularly intriguing as the compo-
nents of the aggregates can be varied at will. Un-
fortunately, the aggregates formed have limited so-
lubility and so solution studies are restricted.

Porphyrins and phthalocyanines bearing opposi-
tely-charged substituents form soluble aggregates of
known stoichiometry in water [5] and polar organic
solvents [6]. In aqueous solution, the heteroaggregates
were found to be composed of one porphyrin and
one phthalocyanine in all cases examined. Further,
the equilibrium constants associated with the for-
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mation of the mixed dimers were found to be in-
dependent of the coordinated metal ions but very
much dependent on the ionic strength of the medium,
suggesting that the driving force for aggregate for-
mation is of an electrostatic nature [5].

The effect which aggregate formation has on the
photochemical properties of the component macro-
cycles is of particular interest. Tran-Thi and Gaspard
have suggested that aggregate formation imparts a
peculiar stability to mixed aggregates possessing ca-
tionic zinc phthalocyanine and anionic manganese
porphyrin components [7].

Our efforts have focused on aggregates employing
Mn(III) porphyrins and Ni(II) or Cu(II)y phthalo-
cyanines. We report herein the effect of phthalo-
cyanine on the photoreduction of heterodimers
composed of Mn(IIT) tetramethylpyridylporphyrin (I)
and Ni(IT) or Cu(II) tetrasulfophthalocyanines (II),
hereafter referred to as M(P) and M(Pc), respectively.
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Experimental

Mn(IIT)(P)Cl; was prepared by the method of
Harriman and Porter [8]. The sodium salts of Ni(II)
and Cu(II) tetrasulfophthalocyanine were purchased
from Aldrich Chemical Company, purified via re-
peated recrystallization from aqueous solution by
addition of ethanol and dried over phosphorous
pentoxide under vacuum.

For continuous photolysis studies, a low pressure
Hg spectral lamp was used for irradiation at 254
nm. The intensity of the source was calibrated via
ferrioxalate actinometry. In a typical photolysis run,
aliquots of aqueous solutions of both macrocycle
components and methanol, ethanol or 2-propanol
were added via a syringe to a 1 cm quartz cell
equipped with a 2 mm side-arm cell and a Teflon
stopcock. The solution was deaerated by bubbling
with N, and stirred magnetically in the 1 cm cell
while photolyzing for 2-5 min intervals. Spectral
changes were monitored by transferring the solution
to the 2 mm side-arm cell and obtaining the absorption
spectrum with a Hewlett-Packard 8451A diode array
spectrophotometer. The monitoring source was fil-
tered to remove light below 300 nm to prevent
photolysis of the sample.

The yield of Mn(II)(P) was determined by mo-
nitoring spectral changes as a function of irradiation
time. Formaldehyde yield was investigated by the
chromotropic acid procedure [9] after distilling pho-
tolyzed samples in a vacuum line. At no time were
photolyzed samples exposed to the atmosphere.

Kinetics data for O, oxidation of the reduced
porphyrin were obtained by monitoring the decrease
in absorption of bands associated with the free
Mn(IT)(P) or reduced aggregate as a function of
time immediately following the introduction of O,
via syringe.

Results and conclusions

The aqueous photochemistry of Mn(IIT) porphyrins
has been well characterized by Harriman and Porter
[8] who found that visible and near UV photolysis
yielded the corresponding Mn(II) porphyrin in the
presence of a suitable hydrogen donor. We have
found that 254 nm excitation results in a similar
photoreduction. Further, the presence of Ni(Pc) has
a pronounced effect on the quantum yield.

Figure 1 shows the spectral changes accompanying
the photolysis of a 7.5 M methanol solution 10~*
M in both Mn(III)(P) and Ni(Pc). The band at 482
nm is associated with the 1:1 heteroaggregate. The
band growing in at about 456 nm corresponds to
the production of a Mn(II)(P)- - -Ni(II)(Pc) aggre-
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Fig. 1. Spcctral changes accompanying the 254 nm photolysis

of the 1:1 Mn(P):Ni(Pc) aggregate in 7.5 M methanol.
Spectra were obtained at 5 min intervals.

gate as evidenced by similar spectral changes resulting
from chemical reduction with sodium dithionite. No
spectral changes accompany photolysis in the absence
of a radical scavenger. Photoreduction was found to
occur in the presence of methanol, ethanol or 2-
propanol. The presence of the three clean isosbetic
points in the region of the spectrum shown in Fig.
1 strongly suggests that only two principal species
are present. Further, the spectral changes are quan-
titatively reversed upon addition of O, to the system.
Formaldehyde is detected in a yield one-half that
of Mn(II).

Analyses for free Ni or macrocycle degradation
products were negative. Similar results are obtained
when Cu(II)(Pc) is employed; however, the rate of
reoxidation of the porphyrin component is markedly
slower. We are currently investigating this pheno-
menon. The results of quantum yield studies are
reported in Table 1.

The role of the phthalocyanine is more complex
than simply a competitor for photons. This is evi-
denced by the relationship between the quantum
yield and the P:Pc ratio or added electrolyte concen-
tration. Equilibrium constants for porphy-
rin—phthalocyanine aggregates of this nature have
been estimated to be 10°-107 [S, 6]. However, the
position of the equilibrium has been shown to be
very much dependent on the ionic strength of the
medium, so that the aggregates disassociate in the
presence of added electrolytes. This has been ex-
plained in terms of both the decrease in the charge
attraction between the oppositely-charged macro-
cycles and the concomitant increase in self-aggre-
gation exhibited by the phthalocyanine component
[5]. This is represented by the following complex
equilibria

Mn(P)** + Ni(Pc)*~ —= [Mn(P)- - -Ni(Pc)]*
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TABLE 1. Quantum yield (Q.Y.) of Mn(II)(P)

[Mn(P)] [Ni(Pc)] [MeOH] [NaClI] QY:
1.0x107* 0 5.0 0 1.1x10"?
1.0x107* 0 5.0 1.0 92%107*
50%10°5 50%10°5 5.0 0 72%10-%
5.0x1075 50%1075 5.0 0.25 5.1%10*
50%1075 50%107° 5.0 1.0 22%107¢
5.0%10°5 50%10°3 2.5 0 3.5%10*
50%10°5 50%10°5 1.0 0 3.5%107
50%10°° 1.0x107* 5.0 0 3.0x107*
50%10°° 2.5%107° 5.0 0 48x10°*

*The quantum yield is defined as the ratio of the moles of Mn(II)(P): « - Ni(Pc) produced to the moles of photons absorbed
by the solution. All values are reproducible to within 10%. A quantum yield of 3.8 x 10~* was obtained for formaldehyde
under these conditions.

K2
2Ni(Pc)*~ == [Ni(Pc)],*~ 18
a
The quantum yield for the reduction of Mn(P) 15
in solution with a 1:1 P:Pc ratio shows a marked A
dependence on the degree of aggregation as evi- 12 7

denced by the decrease in quantum yield accom-

panying the increase in NaCl concentration (see 091
Table 1). Further, for solutions having no excess 06
electrolyte, the quantum yield is maximized when ’
the P:Pc ratio is 1:1. When Ni(Pc) is in excess, the 03 4
amount of light available for excitation of the ag- e,
gregate is diminished. When Mn(P) is in excess, both 00 + : . . —2
the free porphyrin and the aggregate compete for 0 0 0 X 40 »
photons. Note, however, that irradiation of the so- (@ ts
lution with excess porphyrin gives a quantum yield
smaller than that obtained in the absence of ph- 10
thalocyanine. Although these observations do not b
rule out the possibility that the photoactive species 08 -
is free Mn(IIT)(P), they strongly suggest that the A
light absorbing species which initiates the photo- 06
chemical process is the aggregate rather than one
of the free components, both of which have appre-
ciable molar absorptivities at 254 nm. 041

The following scheme accounts for our observa-
tions, where charges have been omitted for clarity 02 1

hv
Mn(III)(P)- - -Ni(II)(Pc) — oo v o A P p 0
Mn(IT)(P) + Ni(I[)(Pc- *) (b) t, min

Fig. 2. Kinetic traces displaying the O, oxidation of

. o+

Ni(IT)(Pc- *)+ CH;0H — Mn(II)(P) to Mn(III)(P) without (a) and with (b) Ni(Pc)

- CH,OH + Ni(IT)(Pc) + H* present. For both runs, [Mn(II)(P)]=1.0x10"* and the

methanol  concentration was 5.0 M. In (b),

2-CH,0OH — CH;0H + H,CO [Ni(Pc)]=2X%10"*% The solid lines are first-order fits of
the data.

Mn(IT)(P) + Ni(II)(Pc) == Mn(II)(P)- - - Ni(I[)(Pc)

manganese competes with the back reaction of the
The process whereby methanol scavenges the ra- reduced porphyrin and oxidized phthalocyanine. At
dical and which leads to the observed reduction of greater concentrations, the scavenger competes with
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this reaction with increasing effectiveness (see Table
1).

The presence of phthalocyanine has a profound
influence on the stability of the photoproduct as
evidenced by the disparity in the reaction rates of
Mn(II)(P) with O, in the absence and presence of
Ni(Pc).

[Mn(P)] [Ni(Pc)] Kos (s71)
2x107* 9.3%x102
1x10°* 1x10°* 2.7x10°4
1x10~* 2x107* 7.4%1073

The observed data and first-order fits are shown in
Fig. 2 for Mn(II)(P) alone and in the presence of
Ni(Pc), respectively. The Mn(IT}(P) was generated
by 10 min photolysis at 254 nm. Similar results are
obtained when the corresponding Cu(II) phthalo-
cyanine is employed and for a 1:1 mix kg, =5x 1073
s, The stabilization mechanism may involve steric
protection of the reduced porphyrin from oxygen or
aggregation may stabilize an oxygen adduct which
decays to the observed Mn(III)}(P)- - -Ni(Pc) aggre-
gate as the rate-determining step. At this time, we
have no evidence for the existence of a long-lived
oxygen adduct.
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