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FINALPROGRESSREPORT

1.0 ProjectOverview

A majorthrustof theprojecthas beento examinethephotodynamicbehaviorofwater-soluble

polymersthathavecovalentlylinkedhydrophobicchromophoresspacedalongthechains.Thesepolymeric

systemshavebeenexaminedfor photoir:ducedchargeseparationwithelectron-acceptingionshaving

differenttotalcharge.Focushasbeenontheexcitedsinglet($1)stateformedbylaserflashabsorption.

Theeffectsof pHandionicstrength-- factorsthatgoverntheconformationalnatureof thepolymerin

solution-- havebeenstudied.A secondmajorefforthasbeento studyphotoinducedredoxprocesses

involvingexcitedstatesof water-solublevariantsofanthraceneandacridine.

2.0 FirstTwoProgramYears

Themoleculesthathavebeenstudiedare showninScheme1. Thepolymerchainhasbeen

polymethac_licacid (PMA);and the pendantchromophoresnavebeendiphenylanthracene(DPA),

anthracene(A)anditsethyl(EA)andlO-phenyl(PA)derivatives,pyrene(PY),perylene(PER),andan

amino-naphthalimide(ANl). Excited_;tataquenchersthathavebeenusedare N,N'-dimethylbipyridinium

cations(methylviologen,MV) and N,N'-disulfonatopropylbipyridiniumzwitterions(SPV) and N,N'-

sulfonatopropylmethylbipyridiniumcations.

2.1 FluorescenceQuenchingandChargeSeoarationStudies

Uponphotoexcitationthe boundchromophoreshave a strongtendencyto undergoradiative

deactivation,muchasthefreemodelchromophoresdo. Therosultsofquenchingthisfluorescencewiththe

viologensstatedabovehavebeendescribedindetailinrecentpublications(AppendicesI throughIV),and

onlythemajorconclusionswillbepresentedhere:

(i) Fluorescencequenchingoccursbya mixtureofstaticanddynamicmechanisms.

(ii) ThenatureofthequenchingdependsonthepHof theaqueousmediumsinceat

high pH the polymer is deprotonatedand exists as an extendedchain

polyelectrolyte.At IGwpH (2.8) the polymerbackboneis protonated,which

causesthepolymerto coil,thusprovidinga mixof hydrophobicandhydrophilic

regions.
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(iii) Theviologenquencherscanforma chargetransfercomplexwiththearomatic

chromophoreswhenthepolymerisextended.

(iv) The equilibriumconstantsfor bothstaticassociationand chargetransfer

complexationfallasthesterichindrancebyresiduesattachedto theanthracene

nucleusincreases.

(v) At highpH, excitationof the chromophore(at 355 nm) in the presenceof

viologensinsufficientquantityto showstrongfluorescencequenchingbehavior

resultedinnoappearanceofaromaticradicalcation-viologencationionpairsat

timeslongerthanca100ns.

(vi) At pH = 2.8, for theanthracenederivativesand forperylene,highyieldsof

photoinducedchargetransferproductswereobservedat timescorrespondingto

hundredsofnspostlaserflash.Quantumyieldsvariedovertherangeof0.3to

0.45. ForANl suchyieldsweresignificantlyless. WithPMA-PY,no ion

separationwasobservedathighorlowpH.

(vii) Whenformed,thedecayof thecharge-separatedspecieswasslowenoughfor

themtopersistformilliseconds.

TableI summarizesthechargeescapedata:

TableI. ChargeEscapeYieldandBackReactionRate
MV2* SPV

polymera _ kcr (_ce kcr
(x10-9 M-is-1) (x 10-9 M-is-1)

PMA-A .32 1.5 .41 3.1
PMA-EA .41 12 .35 4.2
PMA-PA .41 1.1 .44 2.0
PMA-DPA .40 2.0 .30 1.6
PMA-PY ~0 - ~0 ---
PMA-PER .36 21 .41 8
PMA-ANI .07 9 .18 11

i

a. SeeScheme1forstructures.
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22 MattersArisingfromFluorescenceandChargeSeoarationStudies

Whilemuchinterestingdatahadbeengainedfromthefluorescenceandcharge-separationstudies,

theresultsposemorequestions.Themajorfeaturethathadbeenestablishedwasthatphotoexcitationof

chromophoresattachedat lowdoping(ca1%)to water-solublepolymersinsomecasesleadsto significant

yieldsofcharge-separatedspecies.Moreover,theseionshavelifetimesofsomemilliseconds,governedby

bimolecularradical-radicalannihilation.

Whatis notyetrevealedis:

(i) Whetherthechargeseparationprocesswasderivedfromthe $1or T1statesof

thechromophore.Certainlyion productionwasonlyobservedat concentrations

of acceptorthatwerenecessaryto significantlyquench$1, butwecannotyet

discounta T1precursorsincewehavenotexaminedthebehaviorof T1underthe

experimentalconditions.

(ii) Whatis the reasonfor our inabilityto measure_ce- 1 in ali cases? In the

experimentsour timeresolutionwas limitedto ca 100ns andthe quotedyields

(TableI) referto thattime. lt isconceivablethatthe initialyieldsareindeedunity

andsomecagerecombinationoccurspriorto ourobservationtime.

(iii) Whythe severepHdependence?Clearlypolymerconformationalchangesare

occurring,buthowdo theseaffecttheexcitedstate-acceptorinteraction?Again,

couldyieldsbehighinit=allyfollowedbytotalrapiddecayat pH= 10?

(iv) Whyshouldtheanthracenederivativesdifferso dramaticallyfrompyrene?What

are themolecularfeaturesthatcontribute,and is thereagaina temporalfeature

to be revealed?

Questionssuchasthesehaveled usto seekinformationat shortertimesafterexcitation.These

studieshavebeenconductedat BowlingGreenin years02 and 03 of the grantusing instrumentation

capableof makingabsorptionspectralmeasurementsattimesasshortas20ps.
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3.0 ProgramYears2and3

Sincerelocationto BowlingGreenStateUniversityinJanuary,1988,theprojecthasproceeded

throughaninstrumentationconstructionandfine-tuningphase,anda researchphase.Thesearedescribed

inthenextsections.

3.1 Instrumeptation

3.1.1 PicosecondAbsorotionAooaratus

AQuantelYG571Cactive/passivemodelockedNd:YAGlaseroperatingat5 Hzproducesa 30ps

FWMHpulseof 1064nmradiation.Thisisthenamplifiedina doublepass9 mmdiameterNd:YAGrod

amplifiedto75mJ. Thesecondharmonic(532nm)andthirdharmonic(355nrn)aregeneratedbypassage

of thefundamentalthrougha secondharmonicgenerator(SHG)anda thirdharmonicgenerator(THG)

respectively.Thebeamoutputisnowa mixtureof1064,532and355nmradiation.

Diagram1 displaysthe opticalarrangementfor the picosecondabsorptionapparatus.The

fundamentalisseparatedfromthethirdharmonicbydichroicmirror1 (DM1).Thefundamentalis purified

fromtheresidualvisibleradiationby anlRtransmittingfilterF1. The1064nmradiationis reflectedonto

thedelayprismsbyan lRturningmirror(IRM). Thepositionof theprismsisadjustedbya computer-

controlledlinearsteppingmotorridingona 50cmplaten.Thisgivesausabledelaybetweenpumpandprobe

pulsesofapproximately3 ns.Thefundamentalisfocusedby lensL1intoa 10cmcylindricalcellcontaining

a 50/50v/vmixtureof D20/H20. Thewhitelightcontinuumgeneratedbyself-phasemodulationhasa

proberangebetween400-800nm(seeFigure1). Thecontinuumispickedupbya bifurcatedfiberoptic

cablewhichproducesltandIochannels.Thecontinuumisspatiallyfilteredwitha 300I_mpinholeand

collimatedwitha micro-lens,toproducea probe(It)anda reference(Io)beamof1mmdiameter.

Thesecondharmonic(532nra)orthethirdharmonic(355nra)serveas theexcitation(pump)pulse

whichis focusedintothesamplecellwitha cylindricallens(L2).Thefiberopticoutputcablespickupthe

continuumafterpassingthroughexcitedandunexcitedregionsof thesampleandaredispersedontoan

unintensifieddualdiodearraywithan SAHR320spectrograph.Typically400lasershotsareaveragedto

producea spectrumwitha goodSINratio.Absorptionspectrawerecalculatedaccordingto thefollowing

expression:

4
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ItXloe
Abs = log (Io x lte )

whereIo,It,Ioe, andltereferto referenceand samplechannelswithand withoutexcitationafter dark-

currentsubtraction.If thesampleemits(e.g.,fluorescence)in the spectralwindowof interrogation,this

emissionissubtractedfromthe ,'ontinuumpriorto th_ absorptioncalculation.This is accomplishedby

allowingthepumppulseto impingeuponthesamplewithoutthe probepulse,thusrecordingtheemission

spectrum.

Timezerowasdeterminedby monitoringthe riseof the maximumof the$1 _ Sn absorptionof

1,4-diphenyl-l,3-butadiene(DPB)excitedat 355 nm, as a function of delay time. The time which

correspondsto onehalfofthemaximumabsorptionisdefinedastheoriginofthetimeaxisandcorresponds

to themaximumtemporaloverlapbetweenpumpandprobepulses. Figure2 showstheriseanddecayof

thesingletabsorptionmaximum(630nm)of DPB. Theresponsetimeof theapparatusis determinedas

the timerequiredto go from10%to 90%of themaximum,whichin thiscaseis 32ps. A semilogarithmic

plot of the absorptiondecaygavea singletlifetimeof 110ps, which is in agreementwitha previously

reportedvalue.1

3.2 CopolymerPreoaration

Copolymersof methacrylicacid and vinyldiphenylanthracene(PMA-DPA)and pyrene(PMA-PY)

were preparedas reportedpreviously.2Structuresof PMA-DPAand PMA-PYareshownin Scheme1.

Aqueoussolutionsof the copolymerswere preparedwith an opticaldensityof 1.0 at 355 nra,which

correspondsto a chromophoreconcentrationof approximately3.0x 10-3 M for pyreneand1.0x 10-4 for

DPA. ThepHof thesesolutionswasadjustedusingNaOHandHCI. Polymersolutionswerecontinuously

flowedduringphotolysisin orderto preventthe build-upof photoproducts.Theflow ratewasadjustedin

orderto ensurethatthe irradiatedvolumereceivednomorethanoneexcitationpulse. Theenergyof the

excitationpulsewas attenuatedto ensurethat no two-photonionizationof the chromophoreoccurred,

followedbyelectroncapture;i.e.,

D+ 2 hv = D+"+ e-(aq) (1)

V2++ e-(aq)= V+ (2)

5
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whereD representsthearomaticchromophoreandV2+ representsmethylviologen.Typicallyexcitation

energieswereofca0.5mJ. Thear_'mofthebeamatthesamplepositionwas0.4cm2.

3.3 ChargeSeoarationStudies

3.3.1 ._..M_cJZP.A

PreviousnanosecondstudiesofPMA-DPAhaveshownthatefficientredoxquenchingof theDPA

singletcanoccurwithviologensactingaselectronacceptors.However,charge-separatedproductswere

onlyobservedat lowpH in highyields,ca 0.4, whileat highpH nocharge-separatedproductswere

observed.2 Ournewpicosecondabsorptionspectroscopydatasupporttheseobservationsasfollows:

PMA-DPA.DH= 2.8

The$1 -->Snabsorptionof polymer-boundDPAinwateratpH= 2.8 hasitsabsorptionmaximum

nearto572nm,withlittledecayof$1stateoccurringoverca3 ns(seeFigure3). Figure4 showsthetime

profileof the$1 --->Snabsorptionmaximum.Thetimeprofileof thesingletabsorptionat 665 nmalso

followsa similarprofileto thatat 572 nm. Additionof 40 mMmethylviologen(MV2+)to thepolymer

solutionquenchesthe$1stateofDPAaccordingtothefollowingelectrontransferreaction:

C_ 1DPA' + MV2+ --'>C_-DPA'" + MV+" (3)

Figure5 showsabsorptionspectraobtainedonthepicosecondtimescaleaftertheadditionof MV2+tothe

polymersolution,whichresultsinconsiderablebroadeningof thespectrum.Thisis attributedto the

combinedabsorptionsofDPA($1),DPA*"andMV+'. Figures6aand6bshowthetime-dependentgrowth

andslightdecayoftheabsorptiondueto theMV+"andDPA*"radicalsat 665nmwiththeadditionof40

and80mMMV2.. At665nmthe$1--->SnabsorptionofDPAhasnocontribution.

Thesetimeprofileshasbeenanalyzedintermsofanexponentialgrowthanddecaywhichproduces

a reasonablefit (seeFigures6a and6b). Table2 displaystherelevantparametersobtainedfroma

nonlinearleast-squaresfittingroutine.The rateof growthof theabsorptionat 655-nmappearsto be

independentofviologenconcentration.
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Table2
I

[MV2+] klS"-1 k2s-1

40mM 2.6(+/--0.8)X 109 2.4(+/-1.1)X 108

80mM 2.6(,/- 0.51)X 109 1.2(+/-0.46)X 108

In Table2, kl representsthe rateconstantfor the growthof theabsorptionat 665nmandk2 is the rate

constantfor the decay of the absorption. As the rate of growth of radical productsis essentially

independentof theconcentrationof quencher,thisresultsuggeststhatthe initialquenchingmechanismis

staticin nature,probablyoccurringfroma hydrophobicallyboundMV2+.The singletabsorptionof DPA

decayswitha rate constantof 2.24X 109s-1, which is comparableto the riseof MV+° absorption,

indicatingelectrontransferoccursfromthesingletstate. Theslightdecayof theabsorptionon this time

scaleis unlikelyto bediffusionalinnatureandis probablyassociatedwitha smalldegreegeminateradical

recombinationaccordingto thefollowingscheme:

,1,

p-DPA*"+ MV*"

where[(_DPA ' MV2+ ] representsaboundcomplexinasolventcage.

Previousworkhasshownthatfor PMA-DPA,chargeseparationonlyoccursat lowpH,under

whichconditionsthepolymeris"hypercoiled,"thusaffordingthechromophoresomedegreeofhydrophobic

protection.The aboveresultsare interpretedintermsofa looselyboundgroundstatecomplexbetween

theDPAandviologen,whichundergoesa photoinitiatedelectrontransfertoforma looselyboundgeminate

ionpair,(_)--DPA+"' MV+'. Thisionpaircanthenundergochargerecombination(kgr)toformtheinitial

reactantsGDPA ' MV2., whichisgivenbyrateconstantk2, or chargeescape(kce)to formsolvated

ions,whichthenundergobimolecularrecombinationonthemillisecondtimescale.2Themeasuredrate

constantkl representsthe rateconstantfor thereactionformingtheinitialionpair,whichhasa risetime

ca400 ps. Thismeanstherateof theforwardelectrontransferis notan instaneousprocessinthiscase.

Theforwardratecouldbeslowedbythehypercoilingof PMAimposingsomedistancedependenceonthe

7
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rateof electrontransferbetweenthechromophoreandMV2+,orthatsomemotionof thepolymercoilis

necessarytobringtheredoxcentersintoa morefavorablepositionbeforeelectrontransfercanoccur.

PMA-DPA.DH= 9.0

Figure7 showsthe$1 --_ Snabsorptionof polymer-boundDPAunderbasicconditions.The

absorptionmaximumappearsto beblue-shiftedbyapproximately16nmto556 nmascomparedtothe$1

absorptionundclracidicconditions.Additionof methyiviologento thesolutionresultsinimmediatestatic

quenchingof 1DPA°. Thiscanbe seeninFigure8, whichdisplaysthetimedependenceof thesinglet

absorptionat556 nra. Quenchingof the$1stateoccurswithinourinstrumentalrisetimeresultinginan

initiallyreducedyieldof thesi-;gletabsorption.Subsequentdecayoftheresidual$1absorptionoccursas

canbeseenby inspectionof Figure8. However,the extentof decayis notsufficient,withinourtime

window,tomakegoodratemeasurements.Thiswillbeinvestigatedinmoredetailinfutureprogramyears.

Figure9 displaystheabsorptionspectrafor PMA-DPA/viologensystem;noevidencefor the

formationofeitherMV*"orDPA*"isseen.Thisisinkeepingwithearlierworkwhichfoundnoevidenceof

radicalspeciesat thispHatsub-p.stimes.2 Underbasicconditions,thecarboxylicacidbackboneofthe

PMAisionizedandthepolymerchainexistsinanextendedconformationinsolution.TheMV2+isableto

electrostaticallybindto thecarboxylategroup,thusallowingtheviologentocomeintoclosecontactwith

the chromophore.3 Thispresumablyallowsa rapidreversibleelectrontransferto occur,whichprobably

occursina fewpicoseconds.Matagahasshownthatsystemswhichformstronggroundstatecharge-

transfercomplexesformcontaction-pairswhichhavebe_=_nshowntohaveveryshortlifetimes.4

Ashortcommunicationonthismaterialhasbeenpublished(AppendixV).

32.2 PMA-Py

Previousnanosecondstudieshavesho_n_i_! PMA-PYdoesnotformcharge-separatedproducts

followingquenchingof pyrene$1 at either,_ig_'," i_':_wpH,unlikethe analogousdiphenyl-anthracene

polymers.5 Theseobservationshavebeenconfirmedatthepicosecondlevelwithnoevidencebeingfoundof

chargeseparatedproductseitheratpH2.8orpH9.0

PMA-PY,DH= 9,0

8
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Thepolymer-boundpyrenehasa singletabsorptionmaximumat ..482nmanda shoulderat .-457

nm(Figure10a),whilefreepyrenein ethanolsolutionhastwowell-definedpeaksat 454 and496 nm.

Additionof MV2. to theaqueouspolymersolution(Figures10band10c)resultsina veryefficientstatic

quenchingprocesssimilartothatseenwithPMA-DPAat thesamepH (seeFigure11), resultinginan

instantaneousreductionof singletabsorptionwithnoredox-separatedproductsbeingobserved.Inthis,

PMA-PYfollowsthePMA-DPAdiscussedabove.

PMA-PY.DH= 2.8

ThesingletabsorptionspectrumofPMA-PYatpH= 2.8(seeFigure12)isbroadenedcomparedto

thatathighpH,witha maximumat477nmanda shou!.,'Jerat504nm.AdditionofMV2+againresultsinno

redoxseparatedproductsaswithpH9.0 (seer_igure13). Figures14aand14bdisplaytheabsorptionat

473nm($1-->Snmaximum)and620nm(iVlV+')respectively,withandwithoutaddedMV2+. Examination

of thesefiguresrevealsthatwhilethesingletstateof pyreneisbeingquenched,thereis noincreasein

absorptionat620nmduetoMV*'.

ThemajordifferencebetweenthepyreneandDPAsystemisthepresenceofstrongground-state

complexationbetweenchromophoreandMV2. at bothhighandlowpH. Thismeansthathydrophobic

protectionof pyrenebythepolymercoilat lowpHis significantlyreducedcomparedto thatof theDPA

system.Thisallowsa closeapproachofdonorandacceptor,whichare thenabletoforma contaction-

pair. Thedifferencesinthedegreeofhydrophobicprotectionbetweenthetwosystemscouldbe relatedto

a numberof factors;namely:thestructureof pyrenecoulddisruptthehypercoilingof PMA,or thephenyl

groupsatthe9,10positionsofDPAcouldsomehowpreventthecloseapproachofMV2+.

PMA-PY.DH= 4.0

PMA-PYshowssimilarresultstothoseseenatpH2.8.

4.0 FinalProgramYear

Althoughmuchinterestingresearchonthetaggedpolymerswasleftundoneattheendofthe

secondprogramyear,itwasdecidedto switchgearsandenteranotherarea. Themajorreasonfor

thiswasthatthemanufactureof thepolymer-boundchromophoresrelieduponexpertisethatexisted

withintheWebberlaboratoryinTexas.Theemphasistherehadchangedandthesystemswereno

9
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longer_i,-:,gsynthesized.No relevantexperienceexistedin the BowlingGreengroup,andthe

magnitudeof the DOEgrantdid notallowfor thehiringof a polymersynthesisexpert. In lightof

these factors, it was decidedto investigatephotoredoxreactionsinvolvingRu(ll) polypyridine

complexesandsomewater-solublearomaticmaterials.

4.1 EnergyandElectronTransferReactionsinvolving[Ru(biDy)_]2+andAromaticChromoDhores

we are interestedin developingnewlipidbilayersystemsfor artificialphotosynthesis.Our

approachto studyinglight-initiatedenergyandelectrontransferreactionsinthesesystemsisto utilizea

Ru(ll)polypyridinecomplexastheprimarychromophoreandaromaticmoleculessuchasacridineorpyrene

assecondarychromophores,whosetripletstatesaresensitizedbytheRu(ll)complex.Severalfeaturesof

the Ru(ll)polypyridinechromophoremakeit attractivefor useas a sensitizerin modelphotosynthetic

systems.Thesecomplexesabsorbovera widerangeof thevisiblespectrum,including532 nm,so that

theycanbe excitedwiththesecondharmonicof the Nd:YAGlaser. Thisfeatureisimportantfor the

researchprogrambecauseit makesit possibleto selectivelyexciteRu(ll)polypyridineas the primary

chromophorewithoutexcitingthesecondarychromophores.TheRu(ll)complexesrivalorganicketonesas

tripletstatephotosensitizersinthatintersystemcrossingoccurswithessentially100%efficiencyandan

energylossof onlya fewkilocaloriespermole.6-10 The lowestexcitedstate,whichis largelytripletin

character,luminescesinfluidsolution.Thismakesitpossibletomonitorthekineticbehavioroftheexcited

state directly, without interferencefrom other transients. The complexesare resistantto

photodegradation,whichmakesit possibleto subjectthemto multiplelasershotsforsignalaveraging

purposesduringlaserflashphotolysisexperimentswithoutalteringtheircompositionandkineticbehavior.

Furthermore,Ru(ll)polypyridinecomplexeshaverelativelylittletendencyto undergoself-quenchinginthe

excitedstateas a resultof ground-stateaggregationorreactionbetweenthegroundandexcitedstate

molecules.11-14Thispropertyisespeciallyimportantforstudieswithcolloidalmediasuchas lipidbilayers,

wherethelocalconcentrationofthephotosensitizerinthedispersedphasecanbehigh.

Theadvantageousphotophysicalpropertiesof Ru(ll)polypyridinecomplexesas tripletsensitizers,

suchas theefficientintersystemcrossingandconservationof photonenergyalreadymentioned,arisein

partfromthefactthatspin-orbitcouplinginducedbythe metalionintroducesa certaindegreeof singlet

10
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andtripletcharacterintothelowestexcitedstate.Spin-orbitcouplingisalsoresponsible,however,fora

relativelyshortexcitedstatelifetime(ca 1_s) and,frequently,inefficientchargeseparationfollowing

excitedstateredoxquenching.15-16In recentyears,severalresearchgroupshaveshownthatanthracene

and itsderivativescandramaticallyenhancethe quantumefficim;=cyof photoredoxreactionsthatare

initiatedby Ru(ll)polypyridinecomplexes.IS,17,18Inthesesystems,energytransferfromthephotoexcited

Ru(ll)chromophoreto theanthracenechromophoreproducestheanthracenetriplet,whichsubsequently

sensitizeselectrontransferfromdonorto acceptor.The additionof anthraceneas an energyrelay

improvesthe efficiencyof photoconversionbecauseitstripletstateis longer-livedandgeneratesfree

radicalproductsmoreefficientlythantheRu(ll)complexalone.15,17-21Werecentlyextendedthisapproach

to theacridine,phenazine,andpyrenechromophoresusing[Ru(bipy)3]2. (bipy-=2,2'-bipyridine)as the

photosensitizer.

Ourexperimentalresultsdealingwiththephotosensitizationof thetripletstatesof acridineand

phenazineby [Ru(bipy)3]2+aswellas theredoxchemistryof theacridinetripletwerepublishedrecently

(seeAppendicesVI andVII). Thissectionsummarizesourmorerecentresultswithpyrene-l-butyricacid

(PBA). Triplet-triplet(T-T)energytransferfromRu(ll)polypyridineto pyrenehasnotbeenreported

previouslyintheliterature.Thetripletstateenergy(ET)ofpyrene,48 kcal/mole,22isabout1 kcal/mole

lessthanthatof [Ru(bipy)3]2+, so thatT-T energytransferis slightlyexothermic.Thebutyricacid

substitutionof pyrenelowersitsETbyca 0.5 kcal/mole.23 Thebimolecularrateconstantsfor energy

transferfrom[Ru(bipy)3]2+to PBAaqueousmethanol(10vol%water)containingeither0.1M NH4HCO3

or0.1MCH3COOHare6.7x 109Mls -1and2.6x 109M-is-1,respectively.ThusintermolecularT-Tenergy

transferoccurswithnearthediffusion-controlledratedespitethefactthatthedrivingforceis only1-2

kcal/mole.

Theredoxchemistryof thetripletstateof PBA(3pBA*)wasexaminedwithaqueousmethanol

(10 vol% water)and 0.1 M NHiHCO3 as the solvent. The tripletwas generatedeitherby

photosensitizationwith[Ru(bipy)3]2+or bydirectphotoexcitation(355 nra). The lifetimeindeaerated

solutionis ca200I_s. Incontrastto acridine-9-carboxylate,3PBA*isreadilyquenchedbyMV2+(k= 1.0x

1010M-is-l),butnotbyphenols.TransientabsorptionmeasurementsshowthatquenchingbyMV2+occurs
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viaelectrontransferfrom3p_A*. Thespectrain Figure15showtheconversionof3PBA*(2,,Tmax= 415

nm, see Inset) and MV2+ into the semioxidizedradical of PBA (PBA+.,Zmax= 460 nm) and the

semireducedradicalof MV2+(MV+.,;Lmax= 395nm). Thegrowthof MV+.,monitoredat either395nmor

602nm,parallelsthedecayof the tripletandestablishesthefact thatelectrontransferoccursvia triplet-

stateratherthansinglet-statequenching.ThePBA+.and MV+.thatareproducedsubsequentlydecayby

processesthat includerecombination,but the PBA+"decaysat a fasterratethanMV+.,indicatingthatit

maybe reactingwith the solventor undergoingdisproportio_lation.The molarextinctioncoefficientof

PBA+.is notknownwithcertaintyat this time,but it is probablywithintherangeof (1-2) x 104Mlcm -1.

Theyieldof MV+.perquenched3pBA*isestimatedto beat least80%.

Phenolssuch as vitamin E analoguesand 4-hydroxybenzoate(HOPhCOO-)reducePBA+.

subsequentto electrontransferfrom3pBA*to MV2+. Therateconstantfor the reductionof PBA+.by

HOPhCOOis ca2 x 108M-is1 . Figure16showsthetransientabsorptionspectrathatareobtainedin the

absenceand presenceof HOPhCOO-.ThephenoxylradicalderivedfromHOPhCOO-(Zmax-=425nra,¢

_=1,200M-lcm-1)24doesnotabsorbstronglyenoughin thisspectralregioncomparedto MV+.(_:= 42,000

Mlcm -1at 395nm25)to beevident. Theinsetin Figure16 is thespectrumattributedto PBA+.thatis

obtainedby subtractingthe transientspectrumobservedwith addedHOPhCOO-from that observed

withoutit. Thisspectrumresemblesthat reportedfor the radicalcationof pyrene.26,27 Tile MV.. and

phenoxylradicalsrecombinewitharateconstantof ca4 x 109M-ls-l.

The resultswith the acridineand pyrenetriplets reveal their contrastingreactivitiestoward

electrondonorsandacceptors.Whiletheacridinetripletisquenchedbyphenolstogivesemireducedacridine

("reductivequenching"),it is unreactivetowardsMV2+. Ontheotherhand,the pyrenetripletis quenched

by MV2+ to give semioxidizedpyrene("oxidativequenching"),but it does not react with phenols.

Anthraceneresemblespyrenein thisrespect.Thusit ispossiblewiththesechromophoresto photosensitize

thesameelectrontransferreactionbyeithera reductiveor oxidativequenchingpathway.Thesereactions

canbesensitizedwithvisiblelightusingRu(ll)polypyridineastheprimarychromophore.

12
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FIGURE 15: Time-resolveddifferenceabsorptionspectrademonstratingelectrontransfer from3PBA° to
MV2+. The spectrawere obtained2, 3, 5, and 9 Its after 355-nmlaserexcitation.INSET:The spectrumof
3pBA* obtainedin the absenceof MV2.. Thesolventis deaeratedmethanolcontaining10 vol%waterand
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FIGURE 16: Differenceabsorptionspectraof the productsfollowingelectrontransferfrom3pBA* to MV2+in
the absenceor presenceof HOPhCOO-(0.42mM)as electrondonor. INSET:The spectrumof PBA+.obtained
by subtractingthe spectra obtainedwithand withoutHOPhCOO-. The solvent is the sameas in Figure15.
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s.o summry=

Theearlystudiesshowedclearlythatin ali cases,polymer-boundchromophorefluorescencewas

quenchedbyviologenelectronacceptorspecies;thekineticsofquenchingwasoftencomplex,anda strong

pHdependencewasnoted. Kineticspectrophotometricobservationsat sub-microsecondtimesshowed

quantumyieldsof radicalion pair formationvaryingfrom0 through0 ,',5dependingonthe natureof the

chromophoreand the pH. The later sub-nanosecondabsorptionexi; ,'nentsrevealedthat, for those

systemsstudied,chargeseparationwashighatpH= 2.8forPMA-DPAandtheotheranthracenes,tending

to zeroat pH= 9. ThecopolymerPMA-PYhadzerotendencyto showanychargeseparationat anypH,

theresultslendingthemselvesto an interpretationinvolvingseverestaticquenching.

Interestingly,the rateof formationof the ionpair speciesin PMA-DPAindicateda formationtime

of ca 400 ps anda subsequentdecaywith ca 4 ns lifetime. The lattervalue,which is tentativeonly,

becauseof the shorttimewindowwehaveavailable,indicatesthat rapidgeminatedecayof the ion pair

mustbecompetingwith longterm(l_S)cageescapesinceourlongertimestudiesshowedescapeyieldsof

0.4or so. The400ps risetimeis perhapsa reflectionof thedistanceacrosswhichthe electrontransfer

mustoccur,or maybeshowsa Marcusinvertedregioneffect.

In the Ru(ll)polypyridinephaseof the program,it was shownthat acridinetriplets,formedby

energytransfer from the photoexcitedRu(ll) complexes,undergoreductivequenchingwith phenolic

materials.On the otherhand,pyrenetriplets,formedsimilarly,arequenchedby MV2+to yieldreduced

viologenspecies.
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