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ABSTRACT

Over many years multiple investigations of the mechanism of the pri-

mary quantum conversion steps in natural photosynthesis have exposed the

participation of some kind of manganese complex in the oxidation of

\

‘hwater'to molecular oxygen'and the participation of a number of iron

hemes in the electron transport chain between the two'photosystems.”It
1s‘a1most certain that the participation of an iron-sulfur protein on the.
reduction side of the photosynthetic electron transfer scheme p]ayS a
role in the formation of reduced pyridine nucleotide through ferredoxin
and in the evolution of hydrogen in plants deprived of CO2 but having

the hydrogenase present. The physical arrangement of the components is
1mportant as well, and the part1c1pat1on of at 1east one phase boundary
(and probably two) in the same transport chain is 11ke1y We have used
this information to try to construct a synthetic ch]orop]ast that would
accomplish quantum conversion into stored energy in the form of inter-
mediate oxidant and intennedtate reductant. These ‘.oould then be tonverted,
respectively, into a usetu1 oxidation product, or.moTecular oxygen, on
the one hand, and molecu]ar hydrogen, or a more usefo1 reduttioniprodutt,

on the other.
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INTRODUCTION

Artificial photosynthesiseis a process that mimics the principjesk‘
of green p]aht photosynthesis with a tota]ly synthetic device (chemieal
system) that will capture the quanta from the sun and‘store them as stable
chemicals (1-3). The primary problem of catching, sforihg and converting
visible light into stable chemical form involves devising a system in
which the shortéliveq‘energy of a sensitiier can be stored in some stable
chemical form, usually by a‘redox;reaction iniwhich an eTectron is trans-
ferred from one point to another point nearby. If energy is to be stored

after the electron is transferred, the system.must be in a higher energy

~ stage: than it was before, that is, the immediate_products of the electron -

transfer reaction w111'have a great tendency to back—react. Therefore,
two problems must be,solved° (1) We must converf fhe excitation of the.
sensitizer (chlorophyll in"the green plant) in a very short time to a -
pair of redox mo]ecu]es ne1ghbor1ng to each other, which must be capab]e
of back-reacting to give energy. (2) We must prevent that back-reaction

from occurring, while the two objects are close to each other, until we "

~can move and store them in~far_greater‘stabi]ity; The green plant Has

evolved over several billion years and accomplishes these steps with a
high degree of efficiency. Our problem is to generalize from what we know

of green plant quantum convers1on to some phys1ca1 chem1ca1 pr1nc1p1es

and to construct an ent1re1y synthet1c device that w111 be successful

in splitting the water molecule to yield reductant'and oxidant, e.qg.,
hydrogen and,oxygen.' |
The natural material of the green plant in which these reactions

occur in the'chlorop1ast is a series of very thin membraneST(about'40 R



this) containing molecules of various types. The membrane is unsymmetrical,
suggesting that what takes place in the membrane is a result of two differ-

ent quantum acts, one on either.side-of-the‘membrane;. o SR )

PHOTOSENSITIZED ELECTRON TRANSFER ACROSS BILAYER MEMBRANES - -

' Photoelectron transfer in nature, as represented in Figure 1, shows
wthat two quanta are absorbed in succession, and the quantum at 680 nm
removes an electron from the water molecule th}ough a manganese Comp]ex
and raises that electron: to a higher energy level,which is high enough

to generate molecular hydrogen. The green plant, however, uses tWo'quanta
becausé the charge does not go directly from the first acceptof’td NADPH,"
but rather?goeé'thr0ugh a series of dbwnhi]l electron transfers with,the
generation of some ATP, the‘generél energy curréncy of all 1iving organ- *
isms. A second quantum then raises that electron again, whence it passes |
through a sequence of eiectron'transferring agents such as ir&n—squUr
proteins, eventually reducing NADP to NADPH. The combihatioh of NADPH
formed_here plus the ATP formed in the first quantum act together reducé
carbon dioxide to sugars. With this tWo-quantum process and'the'asymme- o
trical membrane structure as a model, it séems altogether reasonable that
an early step in a synthetic quahtum conversion process should be the
transferlof'an electron across a membrane.

It has been possible to construct a syhthétic membrane with sensi-
tizers on both sides and to demonstrate the passage of an electron from
one side of the membrane to the other side (4,5). The membrane consists
of 1nterfaces'between'phases; a water phase, an oil phase and another =
water phase (6). Sensitizers have been placed on either side of the
membrane at the interface between the water and oi1 phases. We have

S
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'suggested as a basic physical principle-that the electron must pass

through the membrane. Before that happens, however, we must use the prin-

ciples of.photoelectron'transfe} across a phase boUndary to stabilize
the first reaction product of the quantum conversion act. The step WQuld

be the transfer of an electron from the donor to the acceptor at the phase

boundary, i.e., separating the two phase boundary membranes into two separ-

ate parts. The transdission of an'e]ectron from the water phase, through -

the insulating membrane barrier to the other water phase, was demonstrat-
ed iﬁ yesjc1es using both synthetic and naturé] surfactant lipids (phos-
phé]ipids). The synthetic lipids could be either dipolar or monopolar. -
When We examined thé:natural-syStem in the greehvplant we reaIized

that chlorophyll, the sensj;izer mo]ecu]e,:is actuglﬁy a surfactant-dye-r,
stuff. The chlorophyll haé.a hydrophy]ic head with é:hydrophobic tail
which is characteristic of surfactant structuré; If was necessaryvto
devise surfactant sensitizers more stable than the'éhlorophyll of .

the green plant. As one sensitizer mo]écule, we ha?e used zinc porphyrin,

which is more versatile and is capable of having a variety of substituent

groups with both positive and negative charges, whiCh can change the solu-.

bility function. The ziﬁc porphyrin can also become a surfactant dyestuff

by suitable adjustment of substituents. The synthetic\e]ectron acceptor,
methylbiologen or heptqfvio]ogén, was modeled aftef pfopy]vioiogen sulfon-
ate, a heutral mo]ecule,lbecoming a negative ion;only'after an electron
is passed into it. When one e1e¢tron is added to thé heptylviologen,

changing it from a dipositive to monopositive'materiia, it becomes a

- free radical with a blue color which is stable ly itself but not stable

to oxygen. It is thus possible to monitor the color and measure the num-

ber of electrons transferred across a vesicle wall. The surfactant dye-

- stuff on both sides of the'membrane with the electron acceptor (heptyl-



viologen) on the outside of the membkaﬁe is ‘shown in‘Figure 2. There is

a donor system on the other side of the membrane which is irreversible’
oxidized by Ru3+'to generate Ru2+ and okidation products. An alternative
donor [Ru(bipy)§+] has an. oxidation potentia1 [as Ru(bipy)§+] high enough .
to produce oxygen from weter, if there is a'surface,‘such as ruthenium
oxide (7), which-can accmulate four positive charges. It is possible to
make hydrogen on the other side of the membrane by prov%ding a platinum
surface to give the two-electron collection which is needed (2).

'It'is therefore possible to pekform a photochemical electron transfer
from the inside to the outside of the membrane, producing a reduction pro-
duct on one side of the membrane and an oxidation product on the other
side, whieh cannot back-react because the membrane prevents it. This is
the basic, funamdental structure of the photosynthetic membranee in the -
green plant chloroplasts. “

. A number of exper1ment$/£§le performed to test th1s 1dea (Figure 3).
A donor was placed on the inside of the membrane and an acceptor (methyl-
viologen)on the outside. vIn‘the membrane (Tower left), there is some
surfactant acceptor present w1th a ruthenium surfactant sensitizer which v
produces a v1o1ogen radical on the outside; the reaction occurs rapidly |
‘at first and then gradually slows. The second experiment (upper) used
methylviologen,without heptylviologen, and'proceeded more slowly. In the
‘third case (1ower right) an electron carrier was added to the membrane which
had 1ittle effect. This last experiment, however, did show that an eTectfon
carrier is not necessary to achieve electron transfer across a membrane.

+ + .
2 3 across the membrane is

The electron exchange between Ru°® and Ru
an isoenergetic reaction, which is the reason‘electkon’tunneling occurs
so readily. We have shown by kinetic arguments that this electron trans-

port is the rate-limiting step in the overall reaction. If that is so,



then 1t shou]d be possible to accelerate e]ectron transfer by putt1ng the
proper potent1a1 across the membrane by se]ect1ve1y add1ng ions (such as
potass1um and sod1um) on the 1ns1de and outs1de of the membrane w1th an
1onophore 1n the membrane a mo1ecu1e wh1ch allows only passage of po-
tass1um 1ons(9) By varylng the concentrat1on of ions in the membrane .
system the potass1um jon can be made to f]ow through the membrane down

a concentrat1on grad1ent whlle the sod1um w111 be unab1e to come back

Th1s generates a pos1t1ve charge on the outs1de and a negative charge on
the inside of the membrane accelerat1ng electron transfer from the 1ns1de'
to the outs1de Th1s exper1ment can also be reversed, 1n which case the
e]ectron transfer 1s s]owed down Thus, the potent1a1 construct1on across_

.
the membrane he]ps to substant1ate our hypothes1s w1th respect to the

mechan1sm by wh1ch the e]ectron transfer is occurr1ng

ENERGY TRANSFER ON_MEMBRANE SURFACES

Recent]y (10) we have studied in greater deta11 the dynam1cs of the
1n1t1a1 quench1ng react1on using the conven1ent ferr1cyan1de ion in the
. bulk phase as the quencher (accptor) A non-l1near Stern-Vo]mer behav1or
indicated that a 51gn1f1cant fract1on of exc1ted mo]ecu]es was 1naccess1b1e
to the quencher (F1gure 4) Treatment of the data by a mod1f1ed Stern-
Vo]mer p]ot showed that on]y 66% of the 1um1nescent sens1t1zer mo]ecu]es
were access1b1e to the quencher (11) Presumab]y these were the sensi-
tizers on the outs1de When ferr1cyan1de quencher was placed both 1ns1de
and outside the vesicle, all the 1um1nescent mo]ecules were ava11ab1e for
quench1ng and nonna] Stern Vo]mer behav1or was observed (F1gure 5).

]

From the fractlon of quenchab]e 1um1nescence and the known thlckess of



the 11pid bilayer and the assumption that the head groups of the sen51tizer'
lie at the surfaces, the outer diameter of the ve51c1es could be computed |
to be about 350 R.

We found that oVer a widelrange_of sensitizer concentration in the 1ipid
the percent of quenchable 1umineScence remained constant at 66%, indicating'
that there was . no energy exchange between sensitizers ggggss the membrane
during the excitation 11fet1me even when the number of transmembrane neigh-v
bors was greatly increased. On the other hand, increase in surface sensi-
"tizer_concentration.gig result_in larger quenching rate constants, SUgges;-
ing that e%citon coupling may be taking piacevamong sensitizers on the
same side ot the'membrane. By this mechanism, the effective surface area
‘over which a particuiar excitation can interact with quencher is increased;
~and, therefore, in a diffusion-controi]ed guenching reaction, the quench-
ing rate itself_is increased. _-_ ' | |

Implications of this added excitatiOn\migratiOn process in the overaii
dynamics of photosensitized electron transport are still being explored.
However, our major conclusion is unchanged namely, that the mechanism‘of
electron transport through the ve51c1e wall 1s by charge exchange be- N
tween surfactant Ru(bipy)3 and Ru(bipy)3 “on opp051te sides. B

A method’entirely independent of fluorescence was then used to check |
on our vesicle size determination. The vesicles were prepared in avbuffer
containing 14C-]abe11ed sucrose, which does not penetrate the bi]ayer; |

After gel fi]traton to remove the outside sucrose, the observed radio—
activity of the vesicle suspension gave a measure of the tota] 1nterna1
volume. Then from the total amount of 11pid present and the known mem-
brane thickness the average vesicle diameter could be computed to be

about 500 R, in fair agreement with the value obtained from the traction.



of sensitizer tﬁat is;quenchable.}ThgthO.values cou]d.be'made~conSistént
by assuming either that the sensitizer head groups protrude from the lipid
surfaces fntovthe_aqueods'phases by ébout 15 3.6r that the surface density
of sensitizer on the‘inside is somewhat smaller than out the outside, pef-

haps because of the-higher degree or curvature.

PHOTOSENSITIZED ELECTRON TRANSFER IN WATER-IN-OIL EMULSIONS

It is also possible to tkénsfer an electron across a single. phase
boundary in an emulsion (12) (Figure 6). The photosensitizer used is
zincvtetraphenylporphyrini;ulfonate, a negative]yvtﬁérged material with
four sulfonic acid,groupé,-which is;waterisolub]evand-will remain-in a
water droplet. The“acceptor, methylvio]ogen;-is a]so water soluble. The
donor,thiophenol, is in fhé interphasefregion.AWhén=this particular sys-
tem'is iiiuminated the'zincrbecomes excited, the excited state transfers
an e]ectron to the methylviologen which produces the blue color, the
zinc porphyr1n becomes ox1d1zed and the oxidized z1nc ‘returns to the
reduced form through the polar thiol group wh1ch~cqncentrates at the water-
toluene interface. When thib] is oxidized from su]fﬁydry] to disulfide,
it moves away from the>ihterface and is'now,o{] soluble. Thus the separ-
‘ation of the oxidized prdduct (disulfide) from the féduced product (vio-
logen radical) is achievéd-by forming. them in two separate phases.

The inner surface of the water ‘droplet is surranded'by po§itive]y
charged surfactants which'afféct‘the efficiency of fhis reaction.. The
positive charge attracts negative]y charged zinc sensitizér but repels
the positively charged e]ectron acceptor It is«poséible to use a neutral

electron acceptor such as PVS and to raise the quantum yield substantially.
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~ PHOTOSENSITIZED ELECfRON TRANSFER REACTIONS IN Si0, COLLOIDS

It occurred.to us that it -might Be possible to use a-surface potential
to achieve sepafation, without having the charge go across the'membrane-'
boundary. It is possible to arrange the system in such a way that the sur-
face potential of the interface will be the controlling factor in the
efficiency of the e]ecfron transfer (13—15) if the right particles are -
used with the correct charge distribution and proper structure of donors/
acceptors/sensitizers. We chose silica particles which are highly nega-
tively charged to test this hypothesis, performing the experiments at
pH 9 to be sure that the positive sehsitizer is close]y.attéched electro-
statically to the negatively charged surface. The neutral electron
acceptor, PVS, can approach eitker a positive or negative surface. When
_the'sensitizer (Ru2+) is -illuminated and excited it can pass its electron
to the neutral acceptor, creating a.PVS® radical which changes the charge
on the ruthenium sensizer from +2 to +3..The Ru3+ is held even more
~tightly to the negative]y'charged.surface, and the .electron acceptor, now
negatively charged, is ejected from the-fie]d around- the negative par-
ticles. Thus, the back—reéction of the two materials, which should ener-
getically go back dowhhi11, is prevented.(Figure 7). It is possible to
regenerate the sensitizer by using a neutral donor. This reaction, using
either ruthenium or zinc as sensitizer,. is.shown (Figure 8) as a function .
of the light absorbed. The experimeﬁta] data for the ruthenium (Figure |
8a) and for the zinc tetramethylpyridinium porphyrin (Figure 8b) indicate
" that addition of silica particles prevents the back-reaction.A confirm- .
mation .of this information was found through flash photolysis experiments
which follow the first milliseconds of the reaction. The flash photoly- -
sis data show the amount of reduced methylviologen, and there is no

question that the silica allows the reduction of the PVS while the
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‘negative surfaée prevents phe reduced viologen from back-reacting with
the oxidized ruthenium. The retardafion of back-reaction can be modifiedv
by reducing the négative potential on‘thé silica particles either by adding
some salt or decreating the pH; both of these changes increase the speed_
of the back-reaction. | | |

We would like to move thbsé electrons even further awéy from the
silica partit]es by using another electron carrieE.IWe have.-used PVS
as a shdttle to reduce ferri- to ferrotyanide. The ferricyanide has three
negative charges -and ferrbcyanide haé four, and neither can approach"
cldséiy the highly negative charged SiO2 particles. It would be difficu]t
to reducé directly ferri- to ferrocyanide bgcauséqu tﬁe high poténtia]
éhergy of the negativefy.charged ferricyanide in tﬁe field of the si]ica-
par;icTeg. Therefore, the neutral PVS can be used as a shuttle because it
can appraoch thé siTica particle. PVS is converted from a neutral to a
negatiVe molecule, is ejected from the negative fieId of the particle
and reaches the fefricyanidé and reduces it to férfocyanide. The shuttle
cah then go back and accept another electron (Figures 6 and 9). The
same shuttle function occufs in the chloroplasts where the electron tréns-
fer chain pulls the e]ectrén.further away from the initié] sensitized
membraqé surface. - _ | | n; R |

As mehfioned earlier, we één control the negative potential on the
silica surface by addiné'salt to the environment, which reduces'tﬁé‘
negative surface pdtentfa], controlling what can épproaéh.the surface.
Other surfaces, such as that of sodium laurylsulfonate micelles (Figure
10) have surface potentfals much Tower than that of‘siliéa. The quantum
yield, thgrefore, can be édntro]led by the négati?e charge of the par?

ticle upon which the reaction is occurring. Thus, PVS could be used as
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a shuttle between two different negative]y:chargéd particles, one of the
negative particles generating hydrogen and the other ggnerating oxygen

(Figure 11). | | .

. DEVICE FOR PHOTODECOMPOSITiQN OF WATER

We have outlined two different methods for generating or building
a-device to séparate Water into_its‘constituent parts using only synthetic
materials for this.purposé. We have also indicated how such a device can
be constructed. We have already used vesfc]es which are spontaneously |
formed ... microspheres composed of phdspho]ipids or synthetic 1ipid§.
These vesicles are 40 R thick and the particle itself is 500 R in dia-
meter.. If may é]sdvbe possible to use synthetic membranes, which were
developed for artificial kidneys or desalinization membranes, and spun
in the form of hollow fibers (16). The hollow fibers aré the sites for
the sensitizers and the medium through.whiqh the e]éctrons~can move. Our
experiments used a hollow fiber originally synthesized for a desa]iniza-
tion membrane. We stained the fiber with oi]-so]ub]e porphyrin by swelling .
the fiber with an organic solvent (dioxane). The sensitizer (zinc tetra-
phenylporphyrin), whenvdissolved in the dioxane,_penetrates the swollen
fibers; the solvent is‘then washed out wifh water, leaving behind in the
- fiber the water-insoluble sensitizer' Therefore, it has been possible to
create a sta1ned f1ber with a wa]] thickness of about 80 m1crons, con-
taining a dyestuff wh1ch resists water. A substantial amount of sensi-
tizer-dyestuff materid is required in order to have one dyestuff molecule
every 40 R of fiber body. When an electron is femoyed from the outside'
of this hollow fiber, the hole may jump 40 R each time to reach the

other side.
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The hol]ow fibers are mounted so the 1n51de and outside can be reach-

\ ed separately (Figure 12). In this prototype for the system, the inside of
the hollow fibers is connected to “the in51de of the upper plastic tubes, A
and the outside is connected to the water layer which is accessibie to |
the 51de -arms of the U-tubes. | | ‘,,

With the ho]]ow fiber (membrane) dev1ce for photoe]ectrochemicaliy
transferring eiectrons from one 51de to the other, it will be possible

~ to place the cataiyst for hydrogen production on one side and the cata]yst
for oxygen production on the other The reactions have all been performed

separately but not yet together in a 51ngle dev1ce

DEVELOPMENT OF CATALYSTS FOR ARTIFICIAL PHOTOSYNTHETIC SYSTEMS

Until recently, we have'not used our knowledge"of the natural cataiysts
used by the'green plants for“thengeneration of hydrogen from water and gen-
‘ eration'of.oxygen'as a byproduct. We have used the phase'boundary idea, the
surfactant sen51tizer idea, the photoe]ectron transfer idea and the charge
migration 1dea but not what we know about the function of the natural

cata]ystS'that produce the final products-in the plant.

The natural catalyst)for moiecular’hydrogenfin plants turns out to be
an iron-sulfur cluster of'four iron atoms and four sulfur atoms hanging in
a protein byEmercaptide groups of the cysteine residues of the polypeptide.
It is possible to construct a synthetic iron-suifur cluster that is the
catalyst for hydrogen productibn and this has been done electrochemically
but not yet photochemically (17).‘However, we have recentiy used synthetic
iron-sulfur clusters to determine their photoe]ectrOn accepting capability.
If one of the synthetic iron- su]fur c]usters, tetra[alkylmercapto- u4-su1fido jron]
is placed in the water solution w1th the ruthenium gir{inc sensitizer, it

quenches the f]uorescence of the sen51tizer either by energy transfer or
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by accepting an electron from the excited sensitizer. We prépdse that -
the latter mechanism-is the correct one (18). We have thus indicated a |
hydrogen generating system which does not require p1atinum as a catalyst
by using the iron-sulfur clusters. | |

Not as much is known, however, about the oxygen generating catalyst.
-Manganesé is indicated, and experiments over many years have sought fo
determine the state of that manganese. At one time; wé felt it was a
binuc]ear'ﬁaﬁganesé compound, but more recent eXpeYiménts indicate that
the manganese must also be in a clustes. containing at least two manganese
(perhaps four, in actuality) becauée it is necessary.to mdve four elec- . -
trons from the water to make molecular oxygen.

"With the idea that the -oxygen generatfngvcatalyst cohtains two man-
ganese atoms, we synthesized_the type of molegu]e(s) which would have
the required characteristics; Our-fifst efforts involved manganese atoms :
on a rigid bridge-type connection; this turned out to be unsucccessful (19,20).
We then turned our éttention to constructing a f]exib]e'binué1ear mangan- |
ese compound in which the manganesé atoms could change the di;tance between
each other. Thjs can be explained as follows: Two manganese porphyrin
molecules hooked'togéther'by a f]exib]e‘chain could be in solution; two
water molecules could enter, changing the diﬁtance betWeen the manganese -
atoms in the porphyrin molecules, closing the hook so to speak. Then the
electrons would be removed via theumanganese'atdms and the‘two oxygen
atoms could be brought together to make oxygen (21). |

‘We have synthesized avmonon0c1earJsurfactant'manganése compound (22), -
and inserted it into a thfn membrane together with a zinc porphyrin. By
photoexciting the zinc compound it was possible to eject an electron
from the zinc to .an équeoué_vio1ogeﬁ‘acceptor (23). The oxidized zinc

in the membrane then extracts an electron from the nearby manganese,



also in the membrane, indicating that ft is possfb]e to oxidize the man-
ganese catalyst by sensitized oXidation‘-This fs simiiar to the process
used to reduce the iron-sulfur clusters (catalysts) on'the hydrogen
evolution sfde. The experfmenta] basis'for‘this observation is shown

in Figure 13. The data indicate thatjthe back-reaction between the reduced
acceptor (viologen inthe water) and photo-oxidized catalyst'h the membrane
is inhibited | This'inhbftionfoccurs by (1) organ1z1ng the manganese compound
'and the photosens1t1zer (zinc porphyr1n) on one side of a membrane 1nter-
face (F1gure 14), while the acceptor res1des in the aqueous phase,

{2) mak1ng the membrane 1nterface negat1ve1y charged and (3) using a
zw1tter1on1c acceptor, propy1v1o1ogen su1fonate whose reduction product
is then repe]]ed from the membrane surface These exper1ments suggest that
the back- reactlon between the ox1d1zed z1nc sens1t1zer and the reduced
propy1v1ologen su1fonate acceptor is retarded by the negat1ve1y charged

membrane (F1gure 14)
CONCLUSION

We can look forward to the creation of an artificial system for photo-
synthesis, using the principies of synthetic ch]oroplasts to mimic the
~ way the green plant takes quanta to generate ox1d1z1ng power (oxygen)
on one s1de of the membrane and reducing power (hydrogen) on the other.
We have used analogues of most of the componentS»offthe natural photo;
synthetic system to achieve the synthetic ch]oroplasts: (]) The phase
boundary concept, (2) the charge distribution‘idea, (3) electron transfer
across the membrane v1a 1soenerget1c e1ectron exchange (e]ectron carr1ers),
and (4) the use of two cata]ysts, one for the hydrogen evo]utlon and the

other for the oxygen evolution s1de. We have,achIeved, outs1de the green
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»p]ént, all of the parts of the natural system; it now remains to put them
together into one devicq,‘ | ' |

In our efforts to devise means for the photo]ysis of watervusing the
1light and creating hydrogen as a‘fuel, we have found that oxygen is .
generated as a byprdduct. In actuality, molecular oxygen, because it is
not a fuel, is not the material which is the most useful. It should be
‘possible.to.use the elctron transfer step»sbmetime before molecular oxygen
is formed to genefate an intermediate oxidanf-such_as a peroxide which is
a more useful chémica]_reactant. |

Thereforé, it now}appeéré fhat it will be possible to‘céptdre the
energy of the sun for energy use (to make molecular hydrogen) and also
for chemical use in the form of intermediate oxidants which are used in
' many chemical processes. The systems despribed aécdmp1ish'both of the.
necessary requirement$ for a usefu]_so]arvenergy device: (1) The capture
of the quantum and its conversion to some other energy form and (2) the |
storage of that'energy for indefinitely long periods with the possibility
of its recovery at will in some convenient form. The green plant has al-

ways performed these functions.

(This manuscript represents a summary of the plenary lecture in the
Symposium in Honor of H. E. Gunning. V. Physical Photochemistry, at
the meeting of the Canadian‘Instituté of Chemistry, Toronto, Canada,

May 31, 1982.)
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FIGURE CAPTIONS

Figure 1 Photosynthetic electron transfer scheme
Figure 2 | Scheme for photosens1t1zed e1ectron transfer across

a 11p1d ves1c1e wa11

Fignre 3 , Cofactors in photoe]ectron transfer react1ons.across

B va membrane '
ngure‘4 .vf._Lum1nescence euench1ng with quencher out51de of ves1c1es only
~Figure 5 Luminescence quenching w1th quencher 1ns1de and _outside

of vesicles

Figure‘s Electron transfer across 1nterface of Hwater-oil_emu1s10n
leading to separation of redox products. Zinc tetraphenyl-
porphyrfn sulfonate is photosensitizer. Quantum yields
USing two.acceptors, methylviologen (MV2+) on the left
‘and propy}vio]ogen sulfonate (PVS°) on the right are
comparedrv )

Figure 7 Schematic function of SiO2 particles in separating multi-
charged photoproducts | |

Figure 8 Propylviologen radical, PVS-, formatfon as a function of
Tight absbrhed, monitored by the increase of absorbance at
A = 602 nm.

Figure 9 Reduction of KFe(CN)g as a function of Tight adsorbed.
(a) Si0, system including pvs° ; (b) Si0, system Arrow
indicates time of pys° add1t1on. (c) homogeneous system;
(d) NaLS micellar system.

Figure 10 Quantum yield for propylviologen, PVS-, formation as a
function of surface potential of negat1ve1y charged inter-

faces. (o).SiO2 system; (g) NaLs micellar system



Figure 11

Figure 12
Figure 13

Figure 14
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Utilization of.SiO2 colloids in the photodecomposition

of water

"Hollow fiber épparatus‘fbr photodecompositfon of water

bifferehce spectra between system I and system 1I after

- illumination

Single Uﬁilame11ar vesicle with diameter between 200 and

_ 500 R; prepared by sonication with indicated ratio between

phospholipid and senéitizer of 36:3:1 with PVS added outside

the vesicle
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