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Photoinduced Electron Transfer Across a Water-0il Boundary:

A'Model for Redox Reaction Separation

The creation of artificial solar énergy conversion and storage systems
that}mtmic the photosynthetic pathway has evoked great interest in recent
_years.1‘ One approach to the photolysis of_water'invo]ves the mediation of‘
a sensitizer in the generatTOn of reduced and oxidized species that are

2,3 However, homogeneous

the active components in the decomposition of water
(aqueous) so]ut1ons of these components suffer from the basic limitation
that the reduc1ng and ox1d1z1ng agents can react with each other and thus
no net react1on can be observed. Severa] kinds of synthetic "photosynthetic
membranes" have been suggested as a means of separating the two redox units
and overcominggtnese.fundamental difficu]ties.B- Recent]y, photosensitized
- -electron transfer.aeross vesicle walls has been‘demonstrated and sdggested
as a means_fdr_generating oxidiaing'and_reducing'agents in separate water
compartments.4 |

~ We wish to report.a photochemical eiectron transfer across the interface
of a waterejn~to]uene mieroemu]sion, and to propose this_system as a model |
for the separatidn of oxtdized and reduced species. Tt is well known that
surfactant mo]ecu]es aggregate to reversed micelles in organic so]vents 5
Reversed m1ce1]es entrap water to form "water pools" in a continuous oil
phase. -The proposed'general model for the compartmentalization of two water
phases and”its.utilization in the photolysis of water is represented in
Figure 1. The model system involves the generation of an oXidized donor
(D ) and a reduced acceptor (A —)Ain the water drop1ets.of two_separate

. using. the . _ ,
- half cells- /\ two sensitizers 51 and S2 respectively. The complementary redox
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agents of these process'(A]f and Dz+)’are confined to the.organic phase and f
thus back reactions are 1nhibited ~ The two ha1f ce]]s'are bridged by:
e]ectron and proton carriers to regenerate the act1ve components of ‘the
system. Thus, all the components, ‘except water, are recyc]ed

| In pr]nc1p1e, the electron transfer process of one ha]f‘cell'can be
divided‘into two distinct partss (a)-from the water to the interphase, -

' (b)ﬂfrom the interphase into the continuous organic soTution. E1ectron'
transter from the water’phase to the interphase-waseinvestigated_in"a
microemu]sion in which -the "water pools" included ethylenediamine-N,N,N', N'-
tetracetate (EDTA) as donor and tris(2,2’-b1pyridine)ruthenium(II) (Ru(bipy)§+)
as photosensitizer. The acceptor, 1,1'-dihexadecy1-4,4'-bipyridinium

chloride (Hvzf),’is expected to be 1ocated at the interphase boundary as a .
result of its amphiphilic structure. The micrOemU]sion was prepared by

adding 0.15 ml of 0.3 M ammonium EDTA so]ut1on (pH = 8.5) and 21 yl of 107 2y
[Ru(b1py)3]c12 solution to 2 9 m] of toluene conta1n1ng 220 mg of dodecy]ammon1um.
propionate as surfactant (0 3 Mwith respect to the surfactant) The

mixture was vortex stirred to clarity. Into the resulting solution 2 mg

2+

of HV™ were dissolved by vortex stirring. The micrOemu1sion solution was.

transferred into a cuvette of 1 cm pathlength, and an inert atmosphere in
thevce]1‘Was‘generated by evacuation followed by nitrogen bubb]ing

throughvtheaso1ution for 15 minutes The'contents of the sealed cuvette were
) stlrred while being 111um1nated w1th blue 11ght (1nc1dent photon flux ~10-16x10 7

'e1nste1n S ]) The format1on of HV! was followed spectrosc0p1ca11y 6

2+

After'4vminutes of,111um1nat1on 75% of the parent HV" ‘had,been reduced -

(¢max = 1. 3 + .4%). Introducing air into the cuvette reoxidized HV® to HV*?

and revea]ed.that no'change in the origina]_Ru(bipy)gfconcentration occurred.



Furthermore, the fact that the mole ratio HV Ru(b1py)3 was 13:1 emphas1zes
that the photosensitizer acted as a catalyst and was recycled during the
Hv! formation. These results are rationalized by the electron transfer from

2+. The resu]tihg

the excited Ru(bipy)§+ to the interphase located acceptor HV
Ru(bipy)g+ is reduced by EDTA and thus the photosensitizer is recycled (Figure 2).
Therefore, ‘electron transfer from'a donor 1in the‘water‘phase to an acceptor

in the interphase has been demonstrated.

.
hI/ *//
<§gif———>-Ru2* HVZ"

FQ[JES-F

Oxidation products

EDTA

Figdre_z. N | B '
Willner, Ford, Water _ | Interphase
Otvos and Qe?vin. : ‘ . ) XBL 791-4636

However, in order to simulate the general scheme proposed in Figure 1,
electron. transfer 1nto_the continuous organic phase'is required. An acceptor
that is originally located in the interphase,while its reduced form is
extracted from this region, into the bulk organic -phase, seems to be desirable
for this purpose. Furthermore,_coup]ing of this.aceeptor with a second

' acceptor.present in the continuous organic phase should regenerate the
‘acéeptor at»the interface. Benzylnicotinamide (BNA+) seems to fu]fil]
these requ1rements, as it is expected to concentrate at the 1nterface, wh11e
its reduced form shou]d migrate into the bulk organ1c solution. 7_ Hence, we
| have 1nvest1gated the photosens1t1zed reduct1on of the dye, 4- d1methy1-

aminoazobenzene (Dye) present in the continuous organic phase, mediated by



'BNA+‘at the interface an,d'Ru‘(bipy)g+ in the water droplets. As in the
~ previous experiment, EDTA was used as donor. The microemulsion system was

-5 M solution of 4-dimethylamino-

prepared as follows. Into 2.9 ml of a 5x10
azobenzene in toluene were disso]ved 230 mg of dodecylammonium'propionate
and 3.7 mg of BNAY (4.8 X 10'3M). To the toluene solution were added 0-1_,'
ml of ammonium EDTA solution (0.3 M, pH=8.5) and 3 ul of Ru('bi.py')gz solution
: }(lb'z M). The resuiting-microemhlsion solution wasvilluminated under. an
Adinert etmesbhere withbiuelight, The progfess of the electron transfer
-proeess was followed by the”disappearance of the dye absorption at A = 402
hm‘(e = 22000 Mflem'1). The changehin the dyé_contentration_es a function
of illumination time is hepresented in Figuhe,3. After 4 minutes of illumination,
8OA of the dye had been reduced (¢max = 0.13 + .04%). The reduced dye product»
(DyeHz) was identified as the corresponding hydrazo derivative. Upon the
,1ntroduct1on of . 12 or H202, the reduction product DyeH2 could be reox1dlzed
vto the d1azo—dye 8 At the end of the dye photoreduct1on, ‘the Ru(b1py)3 con-
centration appeared-to be unchanged. The exper1menta1 mole ratio of Dye:
.}Ru(bipy)2+ (5:1), 1nd1cates the photocata]yt1c act1v1ty of the ruthenium
complex. Furthermore, in control experiments excluding any of of Ru(b1py)3 R
EDTA, or BNA , No reduct1on of the dye could: be observed upon illumination.
Hence, all the components of the system are cruc1a1.1n the reduction process.
The fact thet BNA+ is required4in the process emphasizes that it serves as
a med1at1ng agent in- photoreduct1on of the dye. o '
_ as shown in F1gure 4.
These resu]ts are rat1ona11zed by a cyc11c redox mechan1smA The electron
“transfer from photoexc1ted Ru(b1py) ‘to BNAY is fo]]owed by the reduct1on
of the dye d1sso1ved in the cont1nuous organ1c phase The photosensitizer

1s in turn regenerated by the-ox1dat1on of EDTA. The thermodynamic ba]ahee



of the net reaction, reduction of_the Dye by_EDTA to the corresponding
hydrazo derivative, is uphi]1 in'free energy (AG°’% 37 kca]/mole of EDTA

consumed) - Thus, the process represents a net storage of energy

f +
ox producf 2+ hy Ru2+* .//BNA
' EDTA :/\V__ W

‘Interphase . Toluene

Dye

Figurev4. u11]ner, Ford, Otvos and Calvin
- XBL 791-4635

In view of these results, a photosensitfzed uphill redox reaction across
the interface of water-oil has been carried out. The compartmentalization
of the redox reaction-may‘serve as_abkey'so1ution in the photolysis of water.
Further steps; invo]ving revérsib]e acceptdr/donor couples separated by
this 1nterface as we]] as: the 1ntroduct1on of adequate agents for the oxidation

and reduction of water, are. under current investigation.
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Figure Legends

~-Figure
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Figure
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1.
2.

General scheme for water'photo1ySis

Electron transfer from the aqueous phase to an acceptor in the
interphase. :

. The reduction of 4- d1methy1am1noazobenzene as a function of
~illumination time.

Cyc]ic mechanism for electron transfer across the interface.
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