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Abstract

Electron transter photosensitized by a tin  lipoporphyrin  [Sn(1V)  octakis( (methoxycarbonyl)-methyl)-meso-tetrakis-
( ({ icosanyloxy )carbonyl)phenyl)-porphyrin (SnLipoF) | is investigated under various solution conditions using a donor-SnLipoP-meth-
ylviologen (MV*" ) ternary system. where the donor is trie thanolamine ( TEA ) or ethylenediaminetetraacetic acid ( EDTA). The photoreaction
of SnLipoP is compared with the photoreactions sensitized by commeon Sn porphyrins like tin protoporphyrin I1X (SnPP) and octaethylpor-
phyrin (SnOEP). A constant photoreaction rate is observed in a water/organic solvent (hexane, benzene) two-phase system in which the
porphyrin (SnLipoP, SnOEP) is in the organic solvent and MV™" is in the aqueous phase. The rate is monitored by the change in the UV-
visihle absorption spectra produced by aqueous methylvéiologen radical MV™ . In contrast with the two-phase system. macroscopically
honwgeneous solutions (aqueous SnPP and micellar solutions of SnLipoP. SnPP and SnOEP) give pseudo-togarithmic rates, These electron-
transfer processes are completely consistent with reductive primary electron transfer to the tin porphyrin and optical shielding effects.
Differences in the rates for SnlipoP and the other Sn porphyrins are explained by structural differences in the porphyrins. In particular, the
stru.ture of the porphyrin influences the phase in which the: porphyrin resides, its location relative to interfacial regions., and the way it interacts

witl itself and other system components.

© 1998 El-cvier Science S.A.

Keyivords: Electron transfer: Tin lipoporphyrin. Triethanolamine: Ethylenediaminetetraacetic acid

1. Introduction

There is a lasting interest in photoinduced redox reactions
of three-component systems that contain a photosensitizer.
an lectron donor, and an electron acceptor | 1-1&]. espe-
cially those in which a metalloporphyrin acts as the photo-
sensitizer. Depending on the redox potential of the excited
metalloporphyrin, the primary process in the ternary system
can be oxidative (e.g., zinc porphyrins [ 15.18]) orreductive
(e.¢., tin porphyrins [13,14.16,19]). These ternary svstems
hav: been extensively studied in aqueous solution | 13.20]
and organized media, such as micelles {21-25]. vesicles
[ 18.26,27], and microemulsions | 10,28-33]. In sore cases,
they provide useful models of biological transmembrineelec-

tror transfer, and they are interesting from the standpoint of

solar energy conversion and storage.
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Here, we investigate ternary photoredox systems tor a new
type of photosensitizing metalloporphyrin, one that can be
incorporated into organized supramolecular assemblies such
as membranes, micellar systems, and thin films [ 34]. Using
molecular simulations, we designed and subsequently syn-
thesized a lipoporphyrin with a polar porphyrin head group
and four nonpolar tails [35]. The structure of the tin deriva-
tive of the lipoporphyrin, octakis({methoxycarbonyl)-
methyl)-meso-tetrakis( ( {eicosanvloxy ) -carbonyl )~
phenyl)-porphyrin (LipoP). is shown in Fig. la. SnLipoP
hus the following desired properties: 1) solventaccessibility
of the porphyrin head groups at the surface of agueous
micelles and Langmuir-Blodgett ( LB 1 films. (2) the lack of
aggregation of individual lipoporphyiin molecules, and (3)
photochemical activity. The first two of these properties were
examined 1n previous works [35.36. Here. we report the
photochemical properties of the tin derivative of LipoP. It is
expected that SnLipoP will have altered photochemical
behavior compared with common Sn porphyrins. This is
purtly because of its unique structure in which the porphyrin
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Fig. 1. Molecular structures of tin octakis( ( methoxyvcarbonyl)-methyl)-
meso-tetrakis ( ( (eicosanyloxy )carbonylyphenyl)-porphyrin, SnLipoP (a),
tin protoporphyrin, SnPP (b), and tin octaethylporphyrin, SnOEP (c).

moiety provides the polar head of the lipid, and partly because
of the strong nonplanar distortion of the porphyrin [37].

Photoreaction rates for production of reduced methylviol-
ogen are measured for SnLipoP in micelles and in a water/
hexane two-phase system. For comparison under the same
conditions, electron-transfer reactions photosensitized by two
other porphyrins (shown in Fig. 1) are also studied in water,
micelles, and in the water/ organic solvent two-phase systent.
Tin protoporphyrin IX (SnPP) is water-soluble, and tin
octaethylporphyrin (SnOEP) is water-insc:luble. Thus, the
two porphyrins reside within different phases in the two-
phase system and at different locations in the micelles. The
effect of surfactant charge on the electron-transfer process is
also investigated by using cationic and anionic surfactants,
cetyltrimethylammonium bromide (CTAB) and sodium
dodecyl sulfate (SDS), respectively. Methylviologen
{MV?7) is the electron acceptor, providing a blue color in
its reduced form (MV'") that is easily monitored by UV~
visible absorption spectroscopy. Ethylenediaminetetraacetic
acid (EDTA) and triethanolamine (TEA) are charged and
neutral, respectively. The solubilities of these donors in water,
benzene, and hexane are well known, allowing their respec-
tive locations in various phases of the photochemical systems
to be predicted. The differences in photoreactivity of the
porphyrins can be explained in terms of the differences in
porphyrin structure, optical-shielding effects, the distribu-
tions of the porphyrin and other components among the
phases, and the effects of surfactant charge.

2. Experimental details
2.1. Materials

The synthesis of SnLipoP was described previously [35].
SnPP and SnOEP were purchased from Porphyrin Products,
Methylviologen (MV?™ ), SDS, TEA, CTAB, and the tetra-
sodium salt of EDTA were purchased from Aldrich and used
without further purification.

2.2. Photoreaction rate measurements and UV—visible
absorption spectroscopy

All the solutions for photoreaction were prepared in low
light and kept in the dark hefore reaction. The photoreaction
solutions for donor-porphyrin—acceptor ternary systems in
micelles were prepared by adding known amounts of each
component into water and sonicating for several minutes until
a clear solution was obtained. The photoreaction solutions
for donor-SnPP-MV?" system in water were prepared by
adding weighed amounts of methylviologen and EDTA (or
TEA) to a pre-prepared SnPP aqueous solution at pH 12. The
water/organic solvent two-phase reaction system consisted
of separated organic solvent and water solutions with the
aqueous phase at the bottom of the cell. Hexane and benzene
are used as the organic solvent for SnLipoP and SnOEP.
respectively. The photoreaction was driven by irradiation
with white light from a 25-W tungsten (Tensor) lamp from
one direction of a covered {our-window absorption cell. The
photoreaction was monitored in the direction perpendicular
to irradiation as illustrated i Fig. 2a and b using a HP8452A
diode array spectrophotometer (Hewlett-Packard). Upon
irradiation of the ternary system, MV"" is rapidly built up in
the aqueous phase. 1JV-visible absorption spectra of the
aqueous phase were taken at 15-s intervals at the beginning
of reaction, and at longer intervals at later times. The concen-
tration of MV™™ was calculated from the maximum absorb-
ance at 602 nm (&g =1.0-10°M "'cm ') [ 13}. The initial
reaction rate was obtained from the |[MV'" }-time slope
obtained from the linear leasi-squares fit of the first five exper-
imental points taken within the first 1.5 min.

The behavior of SnPP i agueous solution and micelles
(CTAB and SDS) from pH | to 13 was studied by UV-
visible absorption spectroscopy. The SnPP solution was
titrated starting at high pH with concentrated HCL

2.3. Molecular mechanics

Molecular energy-optimization calculations are performed
using Polygraf software (Molecular Simulations) and a
hybrid force field based on the Dreiding force field [38].
Briefly, the Dreiding force ficld was modified to include atom
types specific to the porphyrin macrocycle [39]. Force con-
stants for the atom types of the macrocycle were obtained
from normal coordinate analysis of nickel porphyrins [40-
43 . Equilibrium bond distances, bond angles. torsions. and
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Fig. 2. Illustrations of the irradiation and detection of the photore.iction in a
macr.ascopically homogeneous solution ( water and micelles) (a) inattwo-
phasc hexane/water system (b), and the photoreaction mechanism in a
macroscopically homogeneous solution (c¢).

inversions were optimized to reproduce the crystal structure
of the triclinic B form of NiOEP [44]. The force tield has
been shown to accurately predict the crystal structures of both
planar and nonplanar metalloporphyrins [45-50], especially
after recent improvements {51].

3. Results and discussion
3.1. Kinetic analysis

Methylviologen cation radical, MV'", the product of the
photoreaction, is stable under our experimental conditions.
Fig. 3 shows the change in the UV-visible absorption spec-
trum of the aqueous phase during photoreduction of MV~
sensitized by SnLipoP in the water/hexane two-phase system
with TEA as the donor. The two-phase photoreaction is illus-
trated in Fig. 2b. For this two-phase system, a linear relation-
ship between the MV'* concentration and irradiation time is
observed as shown in the inset of Fig. 3. In contrast, for
macroscopically homogeneous (micellar and aqueous) solu-
tions in which the reactants, photosensitizer, and products are
in the same phase. a pseudo-logarithmic relationship between
[MV'"] and irradiation time is observed. Fig. 4 shows this
relationship for the EDTA-SnPP-MV~™ system in aqueous
solution at pH 12.

A well-known photoreaction mechanism based on a reduc-
tive primary electron-transfer process quantitatively explains
the vbserved kinetics [52]. Because the redox potential of
tin porphyrins in the triplet excited state (SnP”*/SnP~,

o
(75
n

+ 1.11 v) is higher than that of the electron donors (EDTA ™ /
EDTA, TEAY/TEA, +0.82 v) [11,14,53-55], the excited
tin porphyrin accepts an electron from the donor. In addition,
the redox potential of the tin-porphyrin anion (SnP/SnP,
~0.66 V) is lower than that of methylviologen (MV>"/
MV ™, —0.45 v): thus, SnP~ reduces methylviologen. The
net result of these photoinduced reactions is the transport of
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Fig. 3. UV-wisible absorption spectra taken in the water phase at different
times showing the photoreduction of methylviologen ([MV?* ] =(.020 M)
to MV™* by triethanolamine ([TEA] =0.40 M) sensitized by SnLipoP
(|SnLipoP} = ~ 107" M in hexane) for the two-phase hexane/water sys-
tem. The insert shows the linear dependence of MV'™ concentration on
irradiation time.
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Fig. 4. The dependence of MV™™" concentration on irradiation time ( circles)
for photo-reduction of methylviologen ([MV-"]=35 mM) by EDTA
({EDTA|=0.2 M) sensitized by SnPP «|SnPP]=5.86 uM) in water
{(pH=12)., uand the curve-fitting results (squares) with equation
MV | =aln( 1+ br).
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an electron from the donor to methylviologen as illustrated
in Fig. 2c. The complete reaction scheme is given in Egs.
(1)—(6). This mechanism takes into consideration the
absorption of light by methylviologen cation radical and the
deactivation of porphyrin and methylviologen—cation—radi-
cal excited states.

ky
P+hr—P* (1)
A
P* +EDTA —» P~ +EDTA"" (2)
k3
P +MV2* »P+MV"" (3)
k-l
P*+S5P+S (4
ks B
MV +hp>MV " (5)
. k(u
MV S SMVT™+S (6)

With this reaction scheme, at steady state the rate forMV™'
production is,
d|MV ]

=K[P [mtu- 7
i (Pliov

since the solvent concentration is constant, as is the electron—
donor concentration, which is in great excess. In Eq. (7). the
constant
Kk k,[EDTA]
k-|EDTA]+k,4[S]

In the two-phase reaction, the light intensity /.., absorbed
by the photosensitizer molecules is constant, and since the
porphyrin concentration is also constant, integration of Eq.
(7) gives,

MV |=K[P ]yt (8)

Thus, the MV" " concentration increases linearly with irra-
diation time as shown in Fig. 3.

For the macroscopically homogeneous sotutions, however,
the light intensity / seen by porphyrin molecules at / em
depends on the absorption of light by both the porphyrin and
the methylviologen cation radical, since they occupy the same
phase. This produces a shielding effect of MV on the
absorption of light by the porphyrin. Speciiically, the light
intensity after passing a depth / em s,

MV

T=l,e “v1Ple v (9)

If the photoreaction cell is thin, we can us2 the light inten-
sity at the half width (/=1L of the cell as the average inten-
sity over the cell thickness L. In this case, after the integration
of Eq. (7) we get,

[MV"' |=a In(1+bt) (10)

where a=l/eyyland b=g, -+ IKI,[Ple "1 Thus.
[MV"" ] has a pseudo-logarithmic dependence on irradiation

time. Using Eq. (10) to fit the experimental data shown in

Fig. 4, the fit to the data i~ almost exact. [n summary, the

mechanism quantitatively explains the different observed

kinetic behaviors for photoreaction of the ternary systems in

macroscopically homogencous { micellar and aqueous) solu-

tions and the water—organic solvent two-phase system.
When r=0. the initial reaction rate is,

(EIIMV'*]

) =KI,[Ple "vi" (1
dr o

Fig. 5 shows the dependence of initial photoreaction rate on
porphyrin concentration for the EDTA-SnPP-MV* " ternary
system in aqueous solution at pH 12. Again, the kinetic treat-
ment based on reactions (1) to (6) gives an almost exact fit
to the experimental data using Eq. (11). (Further, the extinc-
tion coefficient of SnPP, &;. obtained from fitting [ 1.48- 10
M 'cm '] isalsoinaccordance with our experimental value
[158-10"M 'em™ '),

3.2, Effect of porphyrin structure on photoreaction rates

The structural properties of the porphyrin determine its
location in the reaction system, and this largely determines
the photoreaction rates. Fig. 6 shows the structure of SnLipoP
obtained from molecular mechanics calculations. This por-
phyrin consists of a hydrophilic porphyrin head group and
four long hydrophobic alkv! tails. The carboxvlic acid ester
groups surrounding the porphyrin head group make it highly
hydrophilic. When the porphyrin in hexane solution is added
to a water surface, the porphyrin resides at the hexane/water
intertace [ 35]. The porphyrin head groups lie flat on the water
phase. and the four hydrophobic tails are directed toward the
hexane phase. Some SnlipoP is also dissolved in the bulk
hexane phase, and there 1+ likely to be constant dynamic
exchange between the interfacial molecules and those in the

35 . —— B - - u.*,:
»
30 P |
< A
25 7
8 7
2 e
=2 .
P 20 | ]
©
4
o
15 |- /
% Vi e Exptl
é / - -~ Fitting
10 ’
5 J/
£ ,,/' |
5 k /
/
0 ' S S D S
0 1 2 3 4 5

[SnPP] (5.86uM)
Fig. 5. The dependence of mitial photoreaction rate on porphyrin (SnPP)
concentration |P| (circles) in water (pH=12, [MV*' | =5 mM. and
[EDTA]=0.2 M), and the curve-fitting results (squares) with equation
ro=a|Ple =PI,
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I¥ ¢. 6. The structure of SnLipoP calculated by molecular mechanics

organic solvent. When lipoporphyrin is dissolved in micelies,
the porphyrin head groups will likely locate at the surface
with the four tails inside the micelle, leaving one side of the
macrocycle exposed to water as illustrated in Fig. 7.

Cctaethylporphyrin and protoporphyrin have very differ-
ent hydrophilicities. SnOEP i$% hydrophobic and can be dis-
solved in organic solvents, but not in water. When in uqueous
micellar solutions, SnOEP will be located inside the hydro-
phobic interior of the micelle as illustrated in Fig. 8. SnPP is
amphiphilic due to the hydrophilic carboxylate groups and
the hydrophobic porphyrin macrocycle. When dissolved in a
miczilar solution, the hydrophobic macrocycle of SnPP will
resitle among the hydrophobic tails of micelles. with the two
carboxylate groups at the surtace of the micelles.

Cne large difference in the photoreaction rates ol Table |
is noted by comparing SnLipoP and SnOEP in the water/
hexine two-phase systems. The molarrate for SnLipol (.24
s 'y is significantly faster than for SnOEP (0.016 s ). For
SnLipoP, its lipid properties help prolong the resident time
of tne porphyrin head group at the water—organic solvent
interface. In fact, at any time. about 4% of the SnLipoP
molccules occupy a monolayer at the interface. Thus, the
lipid nature of SnLipoP provides an enhancement me:hanism

CTAB SDS

S ™ S
s
L = m
(a)
Y ©
& e ®
p—— .

(b)
Fig. 7. The photoreactions sensitized by Sul.ipoP in CTAB (left panel) or
i SDS (right panel) micelles with TEA (1) or with EDTA (h) as the

clectron donor

CTAB

®

(b)
Fig. 8. The photoreactions sensitized by SnOEP in CTAB (Ieft panel) or i
SDS (right panel) micelles with TEA (i) or with EDTA (b)) as the clectron
donor.
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Table 1

The initial reaction rates of MV~ " reduction photosensitized by tin porphyrins in water, micelles* and at water/organic solvent interfaces

Porphyrin Solution type TEA EDTA
Rate (‘0 "M 'y 1) Molar rate (57 ") Rate (107"M "5 ') Molar rate (5" ')
SoLipoP Hexane/H,O" 24+023 ~0.24 Very small Very small
CTAB micelles* 0.65+0.1 ~(.065 0.4110.1 ~0.041
SDS micelles' 1.8402 ~0.18 0.5940.1 ~{0.059
SnOEP Benzene /H,O! 1LY+01 0.01640.02 Very small Very small
CTAB micelles* I+ 0.16-+0.01 9.6+ 1 0.14+0.01
SDS micelles! 26+ 3 0.37+0.04 12+1 0.17£0.01
SnPP H,O (pH 12)" 14 41 0.12+0.01 20+2 0.1740.02
CTAB micelles® 2242 0.19+0.02 21+2 0.18 +0.02
SDS micelles! 20 +2 0.1840.02 15+2 0.1340.02

Reaction conditions: *“Micellar concentration = 60 CMO” (CTAB CMC =0.92 mM, SIS CMC=8.3 mM).

"[MV? 1=0.020 M, [SnLipoP| == ~ | uM. [TEA] = [EDTA]=0.40 M.

IMV2* [ =0.040 M, [SnLipoP|= ~ | uM, | TEA|= [EDTA]=0.80 M.
MV ] =0.020 M, [SnOEP| =7.0 uM, |[TEA| = [EDTA]=0.40 M.
MV =0.020 M, |SnPP] =11.8 uM, [TEA] = | EDTA| =0.40 M.

stmilar to that obtained by incorporation of SnOEP into
micelles.

The initial rates for SnOEP in micelles are 10-25 times
faster than in the two-phase system becausc of a residence-
time enhancement mechanism. For SnOEP. the rate is
enhanced in the micellar system because SnOEP anion does
not have to diffuse to the water intertace, i.».. the porphyrin
interfacial residence time and access to the acceptor is
enhanced [21-25]. Also. notice that no ¢nhancement is
observed for SnLipoP when comparing the two-phase system
with the micellar systems. This is because the residence-time
enhancement is already present for SnLipoP in the two-phase
system. For SnPP. a smaller micellar enhancement is
observed in comparing the aqueous (0.12's ') and micellar
(0.18 and 0.19 5™ ') rates.

Another special structural feature of the lipoporphyrin 1s
its highly nonplanar structure caused by the steric constraints
of the 12 bulky peripheral substituents. The nonplanarity and
presence of bulky substituents of LipoP eftectively prevent
any porphyrin aggregation [ 35,36]. In contrast. planar por-
phyrins like protoporphyrin typically form stzong m—maggre-
gates in aqueous environments [35,56]. Although planar Sn
porphyrins generally do not strongly associaie because of the
strongly bound axial ligands. some Sn porpkyrins do weakly
associate [57,58].

For SnPP, aggregation in aqueous solution is highly pH-
dependent [35]. In Fig. 9, the pH dependence of the UV-
visible absorption spectra of SnPP in CTAB micelles (A),
in water (B) and in SDS micelles (C) are shown. At high
pH in water ( B), the Soret band is narrow indicating that the
porphyrin is not aggregated. As the pH decreases, the Soret
band becomes weaker, and at pH 6, a broad blue-shifted Soret
peak appears. A tail also appears at the long-wavelength side
of the weakened Soret band. extending out o 500 nm. The
red tail probably indicates exciton coupling resulting from
some type of aggregation | 59]. This pH tran~ition could also

be associated with protonation of at least one hydroxide axial
ligand. The weakly bound water molecule apparently does
not block aggregation. Further decreases in pH result in the
gradual disappearance of the blue-shifted peak and greater
intensity of the long-wavelength tail as aggregation increuses.
Thus, for SnPP, the axial ligands do not completely block
aggregation, while the nonplanar structure of SnLipoP effec-
tively eliminates aggregation.

[ A SnPP in CTAB
i ‘

\

|

pH=13

Absorbance (0.D.}

R O Rna e

T T
300 350 400 450 500 550 600

Wavelength (cm™)
Fig. 9. pH-dependent UV-visible absorption spectra of SnPP in CTAB
micelles (A). in water (B), or in DS micelles (C). The pH was adjusted
in intervals | pH unit by adding HCL
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In the micellar systems, the macrocycle of SnPP 1s in a
non-aggregating hydrophobic environment as indicated by
the absence of a long-wavelength red tail in the absorption
spectra in Fig. 9A and C. The absorption data also suggest
that the depth of macrocycle insertion into the micellar inte-
rior is influenced by the structure ot the porphyrin and the
charge of the surfactant. The absorption peak near 385 nm
for SnPP in SDS micelles is associated with a change in axial
ligation. This peak is strongest at pH 7, indicating that a
hydroxide ion of SnPP is sensitive to pH and therefore acces-
sible to water. In contrast, for SuPP in CTAB micelles, this
peak is absent in the pH range. indicating that the central
metal ion is inaccessible to water. These results suggest that
the macrocycle of SnPP is entirely located in the hydrophobic
environment in CTAB micelles, whereas in SDS micelles,
less of the macrocycle is in the hydrophobic environment.
These differences in the location of the porphyrin in the
micelle are illustrated in Fig. 10 and can be understood in
terms of the charge of the micelle. The positively charged
head groups of CTAB attract the negatively charged carbox-
ylates of SnPP to the surface of the micelle. leaving the
macrocycle in the hydrophobic interior. On the other hand,
the negatively charged head group of SDS repels the carbox-
ylates of SnPP, forcing the carboxylates further out of the
micellar surface, leading to greater exposure to the agueous
environment. However, in the SDS micelles, there is no evi-
dence of aggregation of SnPP, as occurs in aqueous solution.

3.3. Effect of the electron—donor solubility on photoreaction
rates

The difference in the structure makes the porphyrins
occupy different positions with respect to the components of
the photochemical systems. Further, since the donors. EDTA
and TEA, have different solubilities, their access to the pho-
tosensitizer molecules differs. For example, for SnPP in
water, the initial photoreaction rate with TEA is slower than
with EDTA. However, for all three Sn porphyrins. TEA gives
a faster rate than EDTA for the water/organic solvent two-
phase systems (Table 1).

The differences in rates for the two donors can be under-
stood in terms of the donor distributions in the phascs of the
ternary reaction mixtures predicted by their relative solubil-
ities in organic and aqueous media. For the aqueous solution,
both donor and acceptor molecules have free access to the
photosensitizer (SnPP). The photoreaction with TEA is
intrinsically slightly slower than with EDTA possibly
because TEA is neutral, while EDTA is negatively charged
like SnPP.

The two donors distribute differently between hydrophilic
and hydrophobic environments in the two-phase reaction sys-
tems. This is best illustrated by the water/hexane two-phase
reaction for SnLipoP illustrated in Fig. 11. Water-insoluble
SnLipoP is in the hexane phase and methylviologen is in the
aqueous phase. TEA is soluble in both phases. most impor-
tantly, TEA is with the photosensitizer in hexine, «nd thus

1
5%
NeJ

CTAB SDS

Fig. 10. The photoreactions sensitized by SnbP in CTAB (left panel) or in
SDS (right panel) micelles with TEA ta) orvith EDTA (b} as the electron
donor,

_hexane

water

hexane

. waler

(b)

Fua. 11, The photorcactions sensitized by SnlipoP at the hesane water
interface with TEA (a) or with EDTA (b} e the electron donor.

excitation and reduction of the porphyrin are fast. The rate-
determining slow step (3) is at the interface, where the por-
phyrin anion in hexane must deliver the electron across the
interface to methylviologen in water. In contrast, EDTA is
not soluble in hexane; thus, it must deliver an electron across
the interface 1o excited SnLipoP. Therefore, reduction of
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SnLipoP and MV?" is both slow because they must occur
across the interface, resulting in a much lower overall rate
{Table ). The same phenomena also occur at the water/
benzene interface for SnOEP. Finally, donor solubility is
more important for reactions at water/organic solvent inter-

faces than for micellar solutions, because the small size of

the micelles insures greater access of the donor and acceptor
to the excited porphyrin and porphyrin anion.

3.4 Micellar effects on reaction rates

Studies on the etfects of micelles on reactions photosen-
sitized by porphyrins [ 21-25] have shown that micelles can
promote the photoproduction of MV"" bv preventing the
formation of a porphyrin—methylviologen complex. and by

providing a barrier to back electron transfer. The region of

the micellar solution occupied by the donor also affects the
photoreaction rate. In particular. since TEA is soluble in hoth
hydrophilic and hydrophobic phases, it reacts with the Sn
porphyrin in the micelle more rapidly ( Table 1) than EDTA.
which cannot penetrate the hydrophobic interior. Our results
show some support for these mechanisms in the enhanced
rates for SnPP in micellar solutions when TEA is the donor
(Table 1). In addition. different initial rates for CTAB and
SDS micelles are observed under the same solution condi-
tions. The rate differences in Table 1 can be explained by
combining the effect of surfactant charges with the differ-
ences in charge and location of the donor and porphyrin.
TEA is neutral and distributes both outside and inside the

micelles. Thus, surfactant charges influence the reduction of’

MV~ but not the reduction of the porphyrin. i the porphyrin
is uncharged (SnLipoP and SnOEP), then the positively
charged surface (CTAB) repels MV? ' and slows the reac-
tion with the porphyrin. In contrast, a negatively charged
surface (SDS) attracts MV™ " and accelerates the reaction.
Consequently. the photoreactions sensitized by SnLipoP and
SnOEP are faster in SDS micelles than in CTAB micelles.
These conditions are illustrated in Fig. 7a and&a, showing the
closer approach of MV** (o the porphyrin for SDS.

For SnPP, the rates for CTAB and SDS micelles (with
TEA as electron donor) are almost the same (Table 1). This
results from opposing factors. including the surfactantcharge.
the negatively charged carboxyvlates ot the porphyrin. and the
relative positions ol the porphyrin in CTAB and SDS
micelles. As discussed earlier, the SnPP reaction is promoted
in both CTAB and SDS micelles. However. the reaction is
promoted less for SDS than for CTAB because SnPP is more
exposed in SDS thanin CTAB ¢ see Fig. 10wy, possibly allow -
ing unproductive methylviologen-SnPP complex to form.
The location of the porphyrin in the micelles difters due o
electrostatic interaction between the surfactant charges und
the carboxylates of the porphyrin.

EDTA is anionic and is only soluble in the water outside
of the micelles. A negatively charged micellar surface pre-
vents EDTA from approaching the porphyrin and slows the
formation of porphyrin anion. A positively charged surface

attracts EDTA to the surtace, speeding up reduction of the
porphyrin. Since the charges of EDTA and methylviologen
are opposite, the charged surface of a micelle will influence
the reaction rates of step (2) and step (3) in opposite ways
(as illustrated in Fig. 7b, 8b and 10b). Thus. for SnLipoP or
SnOEP, the observed initial reaction rates are not much dif-
ferent in CTAB and SDS micelles ( Table 1). For SnPP, the
observed rate is considerably slower in SDS than in CTAB
micelles due to the different locations of the porphyrin.

4. Summary and conclusions

The photorcactions of EDTA/TEA. porphyrin, and meth-
yiviologen at a water-orgunic solvent interface have a differ-
ent kinetic behavior from that in homogeneous aqueous and
micellar solutions. In general. the photoreaction rates are
influcnced by the structural properties of porphyrins, the
charge and solubility of the electron donors, and the micellar
environments. The tin lipoporphyrin shows novel rate-
enhancement behavior in the aqueous/orgunic solvent two-
phase system. This is rationalized in terms of the amphiphilic
properties of SnLipoP., wiich results in long residence times
at the water—organic solvent interface. In addition, evidence
ol micellar enhancement o reaction rates by prevention of
porphyrin—-methylviologen complex, and suppression of back
clectron transfer are found for all porphyrins investigated.
Furthermore, this enhancement is influenced by porphyrin
structure-dependent cxposure to the aqueous environment
and the micellar surface chirge.
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