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The investigated system consists a :hc::lrogeneous mixture containing 

:mll, aqueous phosphate buffer ( 0 ~ 25 :ml, pH 4 0 0 36M) , pn-Mniii 
..... ,._ .("'0• •'l• '<>'' 

(9 X 10-~), :methylviologen (~, 1.5 X 10-J M), and triphenylphosphine (PJ?.~l~ 

x 10-2 M}., Illunination the solution, sealed a cuvette under a 

~""'""'"' atmosphere, with a 900-w xenon arc 1airp filtered through a cupric 

J!.C!!J,JL~u. cation ~t) as -well as changes in the aboo:rption pattern of the 

porphyrin., The new Mn-po:rphyrin spectrum,. \nax = 435 nm (E = 1., 7 x 105); 

570 nm (e: = 5 x 104} ; 615 nm (E = 9 x 103) , is with formation 



3 

changes u and the assigmtent is further supported by published spectra 

of other meso-substituted manganese (II) porphyrins. 17 ,lS Further illunination 

of mixture in a continuous reduction of~+ to its radical cation 

(MVt). The production of MVt is m:>nitored spectra:netrically19 and the rate of 

production is displayed in Fig. la. Excluding triphenylphosphine fran the 

system results in a considerable decrease in the rate of Pn-Mniii_to-Pn-Mnii 

conversion as as in the rate of MVt production (Fig. lb). Thus, triphenyl-

plays a central role in the photosensitized reduction 

Ccmparison of sensitizer concentration (9 x 10-~) with the amount of MV"!' 

produced (L4 x 10-~) indicates a mechanism in which the sensitizer is recycled. 

Introduction of air into the cuvette reoxidizes MVt to ~+ and Pn-Mn.II to 

Pn-Mniii. The visible absorption spectrum, ~f the aerated sarrple reveals no 

""""""""""" , .a.t..~ •• , 1 , f p -"~~...III ~-~ ... t..~ 't' . """'""""":1e m w.«::: l!Ut.ia concentrat~on o · n'-.l.·.tu : • .J.uu;;::;, . w«::: sens1 ~er ~s pre= 

served quantitatively the redox cycle. on the :basis of the rate of MV2+ 

reduction an approximate quantum yield of~ reduction of 0. calculated. 

The fo:onation MVt together with Pn-Mn.II implies that triphenylphosphine 

• -ow.:..:~.: ~..::~ • ~-·· 1 S · · ... t..-- p III p -"~~...II 'di ~ ~zt;;U m a r~ cyc e. mce na u.=.1. n-.Mn: nor n-,·.tu ox:l zes 

P.Ph
3

, while MniV-porphyrins do oxidize PPh3 (vide infra), and because of the 

high oxidation potential of .MniV=porphyrins20 
'tile propose the mechanism outlined 

in 1 as a~ possible pathway for the photochemical redox cycle. In 

~ involved in two photochemical steps. Initially, photoexcited 

Pn=f.'!niii reduces M'l+, producing Pn-MniV. The oxidizing agent thus formed 

\Jl.l\.&Y.Ib4:.\;:;:;. water and the active oxygen so produced as Pn-Mn-oxide is transferred 

to produce Pn-Mnii and triphenylphosphine oxide. Recently reported 

~transfer reactions to triphenylphosphir1e using argancmetallic axo-cauplexes 

support inte:t:mediary formation a manganese It should be 

that Proposed use of Mn=Parphyrins in oxygen production12 is based 
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the 

present case, triphenylphosphine provides an alterante pathway by scavenging 

proposed Pn-Mn-oxide through an oxygen transfer reaction., The following 

evidence supports the ·proposed redox cycle: 

(a) The luminescence of Pn-Mniii in aloohol glass at 77~ 

~, thus :implying an oxidative quenching' of the sensitizer whereby the inter­

mediary Pn-MniV is fot:med., Consequently~ 'We find that the rate of reduction 

Pn-Mniii to Pn-Mnii, m:>nitored spectrosropically, depends on ~+ concentration 

(Figure 

(b) The appearance of triphenylphosphine oxide shows that an oxygen 

transfer to the trap has been aC:oatplished.. To accumulate the oxidation pJ::OO.uct, 

an alternative route the subseqnet reoxidation of wt is required. 

The reduction potential the~ I wt couple (-Oe44 V) 19 is adequate 

. 5,7 ' . 
the presence of Pt or Pto2 as catalysts@ Hence, a m.iXtUre containing 10 :m1 

. - 2+ -3 
of methanol, 1 ml of phosphate buffer (0.03 M) (};i! 4. , MIT" (1.6 x 10 M), 

-5 
X 10 M) was 

illuninated while~·being "stirred in a sealed flask u:rrler nitrogen in the presence . 

2.,2 n:g of Pto2 (.Adams catalyst). No fcn:mation of MV'~ was obse:rved, alth:lugh 

porphyrin was·~ Pn-Mnii, suggestihg that ~ was geing recycled.· 

of triphenylphosphine oxide (32% yield) 

were isolated. The high turnover number of al:::lout 1000 on Pn-Mn reveals that 

a· photoinduced cycle whereby an oxygen transfer from water to the trapping 

substrate has 
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in an to show that a 

MniV-po:rphyrin indeed capable of oxidizing PPh3 in a two-electron oxidation 

process. In this experiment, Mn111-~JPP-acetate dissolved in benzene was oxidized 

MniV-IJPP by Naf32o8 and KOH solubilized by the aid of 18~-6 ether • 

.Addition of PP~~ the MniV -Tl?P solution resulted a quantitative reduction 

roupled to hydrogen genera-

possibility substrates other than triphenylphosphine 

is of considerable interest. Indeed, we find that substituting an olefin, 

cyclohexene, the triphenylphosphine results in similar behaviaro Le. 

enhanced rates of reduction of Pn--Mn111 and·~+~ to the system without 

added oxygen acceptor. Other oxygen traps "!Nhich function similarly on these, 

phthalic acid. We believe that such oxygen transfer 

processes might be ~t in developing fuel sources (hydrogen) roupled to 

the production of useful oxygenated prodocts. A further possibility rests on 

utilization of the oxygenated products as a precursor for a subsequent 

catalytic. evolution of oxygen. The possibility of initiating photosensitized 

oxidation organic substrates using manganese porphyrins as well as the 

elucidation are now being explored. Fu:rthe:tl!Ore, the results 

encourage continued search 

oxygen p.teduction. 

binuclear :manganese o:mplexes as catalysts for 

was su;pported by the Division of Basic Energy Sciences the 

United States Department of Energy '""""'"""' Contract W-7405-Eng-48. !tamar Willner 
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Figure captions 

Figure Methy1vio1ogen radical production as a function of Cl.llttilative 

illunination time: (a) with PPh:3, 3.25 X 10-2:M, (b) without PPh3" 

Initial concentrations: [~+] = 1.5 x 10-~: [Pn-Mniii] · = 9 x 10-6M. 

Figure 2: Mniii_porphyrin photoreduction: dependence on :methylbiologen 

concentration. , [~+] = 9.0 x 10-\i; 6, [~] = 4.8 x 10-~; 

0, [~] = 4 x 10-~. Initial ·concentrations Mniii_porphyrin 

(0. 7 x 10-\t) and PPh:3 (7 .5 x 10-3 M) were the same in all three runs. 

this experiment light intensity was attenuated with a neutral 

density to 18% of that used data of Figure 1. 
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gure 1 Willner al. 
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Time (minutes) 
X BL 795-4772A 

Figure 2 Willner et al. 
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Scheme 1 Hillner aL 




