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ABSTRACT KEYWORDS
Photoinduced intermolecular electron transfer (PET) interaction between Photoinduced electron
9-Methylanthracene (a hole donor) and aromatic amine (hole acceptor) transfer processes,
has been investigated in anionic sodium dodecyl sulfate (SDS) micellar Bimolecular quenching
solution using Steady State (SS) fluorescence quenching measurement constants;
and the results are compared with those observed in the homogeneous Stern-volmer relation;
ethanol solutions. The intensity of the emission bands of 9- Solvent reorganization
methylanthracene (9-MA) isquenched in presence of N,N-Dimethyl aniline energy.

(DMA) and N,N-Diethyl aniline (DEA) by e ectron transfer without forma-
tion of an exciplex. Steady State fluorescence quenching of the 9-MA by
the amine quenchers exhibits positive deviation from linear Stern-Volmer
relationship due to the localized high quencher concentrations at the mi-
cellar Stern layer. The electron donor aniline quenchesthe fluorescence of
9-MA without formation of exciplex. The bimolecular quenching constants
(kqu) observed in micellar solution are seen to be much smaller than those
estimated in the polar homogeneous ethanol solution, indicating that the
electron transfer (ET) inthe micellar mediaisinherently inefficient. The
PET occurring in present system is confirmed by electrochemical studies
by Cyclic Voltammetry and used further to estimate free energy changesin
the different environment. Marcus outer sphere ET theory is used to cal-
culate the solvent reorganization energy (A) and the free energy (AG)
which enabled to propose suitable mechanism for PET at the surface of
themicelle. © 2008 Trade Sciencelnc. - INDIA

1.INTRODUCTION fer eventsarevitd to chemica, biologica andtechnical

process?. Inmost chemica systems, transfer of anelec-

Electrontransfer reectionshaverecavedahighlevel  tron from aground state donor to aground state ac-

of attention sincelast many decadesduetotheirrel-  ceptor is energetically unfavorable®®. However
evanceinawiderangeof applicationg”. Electron-trans-  photoexcitation of either the acceptor or the donor of -
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tenmakest reactionsenergetically favorableand
thus the reaction occurs with areasonablerate. Nu-
merous studies have been performed addressing the
dependenceof ET on different environmentsincluding
liquids®7, micelled®, vesiclé, proteinsand DNAM2,
Inthelast two decades such PET reactionsin homoge-
neous sol utionsus ng polar and non-polar solventshave
been investigated extensively to understand the differ-
ent aspectsof ET dynamics and mechanismi**9, Elec-
tron transfer in restricted environment(*® such asmi-
cdles, reversemicdled?” 3 and vesiclesattractsagreat
ded of interest duetoincreasesinthelifetimeof charge
transfer statesand potentia applicationsinsolar cel |18,
Micellescould beauseful mediumfor maintaining pho-
toinduced charge separation because of their geometry
and their multiphase character!®. Consideringtheim-
portant rolesof microemulsioninbiology, material and
other related field, it isto explorethe photoinduced € ec-
tron transfer processesin thisenvironment necessary
and comparetheresultswith those studied in homoge-
neous environment. The present paper reports photo-
induced e ectron transfer reaction usngwater insoluble
substituted anilinesas el ectron donorsand fluorescent
aromatic organic molecul e as el ectron acceptor in ho-
mogeneousand inmice lar environment. Themicellar
environment not only sol ublised the organic molecule
but a so keeps donor-acceptor moleculein close con-
tact at water-micdleinterface. The 9-methylanthracene
and aromatic anilinessuchasN,N-Dimethylanilineand
N,N-Diethylaniline are donor-acceptor pairs. There-
sultsobtained in micellar microenvironment arecom-
pared with those obtained in homogenous environment
inethanol solvent.

2.EXPERIMENTAL

2.1 Apparatus

The Steady-state fluorescence spectra were re-
corded on PC based Spectroflurophotometer (JASCO
M odel-FP-750). The absorbance spectrums of solu-
tionswererecorded on UV-visi ble spectrophotometer
Shimadzu Model UV-160A. All solutions were
deareated by passing nitrogen gas before subjected to
optical measurements. The oxidation and reduction
potential s of the donor-acceptor pairsin SDSmicellar
solutionswere measured by Cyclic Voltammetry (CV)
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method using aPrinceton gpplied research Perkin-Elmer
Versa-Stat 1| model-270, Interfaced with P-111-PC.
Solution of 9-MA inmicellar solution containing 0.1
mol dm®potassium chloride asthe supporting e ectro-
lytewerefirst deareated by purging high purity N, gas
for about 10 minutes. CV measurementswerethen car-
ried out using graphiterod asthe counter e ectrodeand
slver-glver chloride{ Ag/AgCl /Cl-(sat.)} astheref-
erence electrode. The potentialsthus obtained were
normalized with respect to the saturated calomel elec-
trode (SCE) and used further to estimate free energy
changeof ET reactionsin the present system.

2.2 Reagents

The 9-methylanthracene obtained from Lancaster
and recrystallised from methanol and tested the purity
by taking photoluminescence spectra. The production
of smilar spectrawhen excited at different wavelength
confirmsthe purity. Sodium dodecyl sulphatewaspro-
cured from Sigmaand purified by repeated crystdliza
tion from water-methanol mixturesand its5x102mol
dm2 agueous sol ution was prepared. The DMA and
DEA werevacuum distilled and stock solutions 5x10
*mol dm® were prepared in SDS solution. Thecalcu-
lated quantity of 9-MA required to prepare 1x10° mol
dm=was solublized in SDS solution by stirring over
night. The accurate concentration was obtained from
optica density measurement.

2.3 Procedures

Inthefluorescence quenching experimentsthe con-
centration of 9-MA waskept constant toava ue 1x10
6 mol dm=whilethat of anilinesvaried from 1x10°to
4x10° mol dm. The concentration of SDSwasalso
kept constant at 50x10° mol dm3, well aboveitscriti-
ca micelleconcentration (CMC) knownto be8.1x10
$mol dmr¥2%, Thefluorescence spectrawere recorded
withand without anilinesat . .= 367 nm obtained from
excitation spectraof 9-methylanthracene.

3.RESULTSAND DISCUSSION

3.1Absorption and fluorescence spectra

From SSmeasurementsit isobserved that thefluo-
rescenceof -MA in SDSmicedlar solutionisquenched
in presence of aromatic amines. Typical fluorescence
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Figure 1. Seady-state fluorescence spectra of 9-MA in
thepresenceof different effective. Concentration of DM A
in SDSmicellar solution. For spectra1-9[DM A] wereO,
0.023, 0.046, 0.070, 0.096, 0.117, 0.140, 0.163 and 0.183
mol dm®
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Figure2: Typical absorption spectraof -MAin SDSa)in
absenceof DMA (_ ) (b)in presenceof DMA (- )and (¢)
pureDMA(.....)
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Figure 3: Seady state fluorescence spectra of 9-MA in
presenceof different concentrationsof [DM A] in ethanal.
For spectra1-9[DM A] were0,0.5,1,1.5,2,2.5,3,3.5, and 4
x 10-2mol. dm. Theinset of thefigureshowstheweak
exciplex between 9-M A-DM A in ethanol

spectraof 9-MA intheabsence and presence of differ-
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ent concentrationsof DMA isshowninfigurel.

The careful observation of spectraindicatesthat
theintensity of fluorescence of 9-MA isreduced sub-
gantialy with concentration of DM A and DEA without
any spectral modification. The expected red shifted
structurel ess emission band of charge transfer (CT)
exciplexisnot seenin micdllar solution even at higher
concentration of DMA and DEA areused ([Q] , =183
x 10°mol dm-3). The formation of ground state CT
complexes was tested from the absorbance spectra.
Figure 2 shows absorption spectraof 9-MA in SDS
solutionwith and without DMA .Thestructured absorp-
tion gpectrum of -M A with and without DMA areiden-
tical whichindicatesabsence of molecular interactionin
ground state to favor CT process. The fluorescence
guenching studiesperformed for same donor-acceptor
systemin homogeneouspolar environment obtained by
using ethanol solvent ispresented infigure 3, which
showsquenching of fluorescenceof 9-MA by DEA and
weak red shifted band dueto CT complex formation.
Theinset figure showsclearly anisoemissive point and
red shifted broad emission band. Anisoemissive point
clearly seeninthefigureisanindication of CT complex
formationintheexcited state between 9-MA and DEA.
Similar resultsare obtained for 9-MA-DMA in ethanol
environment.

Thefluorescencequenching studiesof SIMA-DMA
studiesinmicellar sol ution and homogeneous a cohol
medium wereperformed. It isobserved that the spec-
tral resultsof thissystem areall identical with that of
9MA-DEA system. Theoptica and quenching dataof
both systemsaregivenin Table. 1. These quenching
resultswere anayzed following thewel | known Stern-
Volmer relationship,
l,/1=1+K_ Q] )
K =k, @)
Wherel jand | arethefluorescenceintensitiesfor the
9-MA in the absence and in presence of the
quencherg[ Q] respectively®. K_isthe SV constant
and[ Q] isthe concentration of the quenchersintheso-
lution, k q isabimolecular quenching constant and t°
lifetime of theflorophore. Theplotsof | /I Vsconcen-
tration of DEA inhomogeneous and heterogeneous en-
vironment are presented infigures4(aand b). Theplot
for -MA-DMA inethanol islinear whilethat in SDS
micelar solutionit showsdight positivedeviation from
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Figure4: (a) Xern-Volmer (SV) plot for the steady-state
fluor escence quenching of 9-M A in ethanol by DEA; (b)
Sern-Volmer (SV) plot for the steady-state fluorescence
guenching of 9-MA in SDSmicellar solution by DEA

TABLE 1: Absorption maxima (A, ), Fluor escence emission
maxima (A,,), Lifetime (ns) and Bimolecular quenching con-
stant (kq) in polar homogeneousand micellar media.

. Lifetime , . Aas  Aem- k,/10°
Medium (ns) Amines (nm) (nm) dm®*mol™ sec™
DMA 367 417 19252
SDS 49 DEA 368 418 18533
DMA 364 416 1056
Bthanol 52 hEn 369 412 969

linearity. Itisevident from figure 4a. that for present
systems, thelinearity inthe SV plotscan beconsidered
only for very low amine concentrations. Thebimolecu-
lar quenching rate constant (kq) were cd culated from
theinitial dopesof theplotsand thelifetimesof 9- MA
intherespective micellar environment and valuesare
givenin TABLE 1. Thequenching rate constant in mi-

cellesolutionarelower than those observed in ethanol
solution for the similar donor-acceptor system. It is
shown that thetotal concentration of the solutein mi-
celleand actua available concentration are different,
hencetheeffective concentration of theaming[ Q] , is
much higher thanthetotal quencher concentration[Q],
used in the solution. Inthe present systems, sincethe
solubility of fluorophor (9-MA) and quenchersarevery
low in aqueousmedia, it isexpected that both the reac-
tantsmainly residesat themicellar Stern Layer. The
effective concentration was cal culated by using there-
lation?,

NeggX[Q}
= egy
[oL: = 44.75{SDS}; -CMC} ©)
WhereN__istheaverage aggregation number for SDSmicelle

(NagngZ)a?%], [SDS], isthetotal SDS concentration used (5x10
2mol dm®), CMC isthecritical micellar concentration of SDS
micelle (= 8x10 *mol.dm?) and[Q], isthe total amine concen-
tration used in the solution. The effective micelle concentra-
tion is also estimated by using the relation,
] 1Sl=cme @
Nagg

Where[S] denotes the surfactant concentration?*2 and found
tobe4.77x10* mol dm?.

3.2Kineticsof fluorescence quenching

The Bimolecular florescence quenching of - MA
by DMA and DEA may bedueto either energy trans-
fer or dectrontrandfer. Themechanism of energy trandfer
from singlet excited 9-MA toanilineiseasily ruled out
becausetheexcitation energy of singlet state (E_) of 9-
MA (2.7 eV) islower thanthat of DMA (3.81eV) and
DEA (3.77 eV)2627 Hence the probabl e mechanism
should bee ectron transfer. To understand the nature of
interaction, the bimolecul ar quenching constantsare
correlaed with the oxidation potentid of theamines{ E
(D/D*)} and thereduction potentialsof the9-MA {E
(A/A")} . The probable mechanism proposed for inthe
9-MA-DMA system consisting el ectron transfer from
anilineisasgiven below.

kd
MA + DMA + hy =/——==~[MA*----- DMA]

(lon-pair) k-d  (Encounter complex)
k
A [MA ----- DMAY] —P%  Product
K.et
SCHEME1
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It is believed that the donor (DMA) and the ac-
ceptor (excited MA*) moleculesdiffusetogether toform
an encounter complex (MA*—DMA), which then un-
dergoes reorganization to reach the transient state,
where ET takes place from the donor to the acceptor
togivetheion - pair (MA—DMA*). The parameters
k,andk , arethediffusion controlled rate constantsfor
theformation and dissociation of (MA*—DMA), k ,
andk , aretheforward and reverse ET rate constants
and kp isthesum of al rate constantscausing thedisap-
pearance of the (MA—DMA") state. The two most
important processesin kp would be chargerecombina
tion (k) to produce the ground states of the acceptor
and donor (MA and DMA) andiondissociation (k ;)
to givethe solvent separatedions (MA-and DMA*).

Thediffusiond rate constant ishigher (k d>kq) than
that of quenching ratecongtant. Thediffusond ratecon-
stant k iscalculated by using therelation

RT
~ 30000 ©)
Where 1 is the dynamic viscosity of the medium at the room
temperature®. The diffusional rate constant k, and k , are
believed to be nearly same and are greater than the quenching
rate constants. It ishoped that in micellar medium the electron

transfer occurs by diffusive processesasindicated in SCHEME
2. The electron transfer rate were estimated by using the fol-

lowingrelation,

d

kkaq

~ Klkg—kq) ©

Ket

AssumingK =k / k =1dm’mol-thevaluesof k,
under diffusiveconditionk ,  wereestimated for the
systemwherek,>k and arelistedinTABLE2. The
electron transfer rate constantsin ethanol environment
aremorethan those observed in micellar environment.
Itisconcluded that the el ectron transfer processfrom
anilineto excited 9-MA islessefficient thanin ethanol
solvent. Theresultsarein agreement with theliterature
reportson similar typesof syseminmicdlar environ-
ment*2, Themicdlar coreishighly nonpolar (¢ =2.4)
whilethebulk water ishighly polar (e= 78.6), therefore
theexcited 9-MA seemsto residesinthesternlayer of
micro environment of SDSmicelle. The present results
thusindicatethat only themutua diffusion of thereac-
tantsmight not play significant rolein determining the
rate constants. It isbelieved that the observed quench-
ing kineticsisdueto thisspatia distribution of thedo-

= Pyl Paper

Diffusive Condition
DMAg—MA* —» DMA|S| MA*—> DMA*|S|MA"
Non-Diffusive Condition (SSIP)
DMA | MA* N oAl MA* —= DMA*| MA
(CIP)
SCHEME2

nor moleculesaround theexcited -MA inmicdlar en-
vironment asshownin SCHEME 2.

3.3Energeticof electron transfer reactions

Electron transfer reaction involvesthe crossing of
thefree energy surface of thereactant tothe product at
Transition Statesimilar tothedark reactiond?%9. Fea
sibility of PET from ground state donor (amine) to an
excited state acceptor (9-MA) mainly depends upon
free energy change (AG®) for the ET reaction. For the
present system, the (AG?) valueswerecalculated using
thefollowing Rehm-Weller relation®Y,

AG°=E (D/ID*)-E (A/A)-E,-€/gr, @
where, E (D/D*) and E (A/A-) are the oxidation and reduction
potentials of amines and 9-MA respectively, E_is the singlet
excited energy of the 9-MA inthe S, state, e isthe charge on
electron, _isthe static dielectric constant of reaction medium
and r, is chemical separation between interacting 9-MA and
aminemoleculesasaregivenin TABLE 2.

ET ratesin SDSmicdllar solution are much dower
than those observed in homogeneous ethanol solution
dueto diffusvecondition. Intheabsenceof diffusion of
thereactants, the observed ET rates may be because
of effectivedigtribution of theaminesquencher around
theexcited 9-MA inthemicellar sternlayer. Itisaso
believed that reactant moleculeswill increasetheaver-
age donor-acceptor separation in comparison to those
in homogeneoussol ution. Hencethe observed ET rates
inmicdlar solution arelower thanin homogeneousetha
nol solution. The isthetotal reorganization energy given
as,

A=A +1) 6)

)., being the sol vent reorganization energy arising
dueto the polarization and orientation of the solvent
molecule around thereactant (MA*+DMA) and the
product (MA-+DMA") states, ), being theintramo-
lecular reorganization energy arising duetotheintramo-
lecular bond length and bond angle changesinthedo-
nor (DM A) and acceptor (MA) moleculeundergoing
ET. If thesolvent systemisconsidered tobeadielec-
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TABLE 2: Redox potential, Electronicexcitation energy (E ), Sandard freeener gy (AG°), Solvent reorganization energy (A)
and Electron transfer rate(k,) for 9-M A-Aminesystemsin polar homogeneousand micellar media

M edium g E(A/A)/V (vsSCE) Es/(evV) Amines E(D/D')V(VSSCE) AG%(eV) AJeV kg/10°S!
DS 32 -1.603 2722 DMA 0.2982 -1.1788 1.21 0.2540
-1.593 2.716 DEA 0.3185 -1.1525 1.10 0.2316
Ethanol 2455 -1.421 2729 DMA 0.7831 -0.9059 0.44 2.357
' -1.432 2.735 DEA 0.7482 -0.9718 0.40 2.163

tric continuum modd for the SDS, Marcusderived the
following expressionfor A *2,

;‘sz(eZ Lt gyt 1 )
2rD ZrA 2rDA n2 &€

Wherer_andr, aretheradiusof the donor and accep-
tor respectively, r, isthe separation between the do-
nor and acceptor in the encounter complex, nisthe
refractiveindex and ¢ dielectric constant of the solvent.
Averagevaluesof r_ (3.94 A) and r, (3.36 A) were
estimated using the sizes of the donorsand acceptors
as obtained using Edwards’s volume addition
method®. Similarly ther_, (7.3A) is considered to be
equal to the sum of the averager, andr, values. We
usedtheaveragevauesofr,r, andr,, for thecalcu-
lation of A._becausesmall differenceintheradii of the
donorsand acceptorsdo not makeany sgnificant varia-
tionsintheestimated A, _values. The_for the present
systemsthusestimated arelistedinTABLE 2.

4. CONCLUSION

The present result indicatesastronginteraction be-
tween aromatic molecule9-MA and tertiary aminesbut
excludesthepossihility of formation of emissvecharge
transfer complex (CT) astheintermediate. Theobserved
guenching arisedueto the presence high loca concen-
tration of theaminesinthe micellar stern layer. This
gtuation keepstheexcited 9-MA inthemicellein phys-
cal contact with theamines. Thefluorescence quench-
ing rate constant seen to depend upon the electron do-
nating methyl and ethyl groupinanilinedonor in both
the homogeneousand micdlar media The presenceof
bulky ethyl groupin DEA decreasesthe quenchingrate
constant of 9-MA .The Bimolecular fluorescence
quenching constant(kqss) inthe present system are seen
to correlate nicely with free energy changes (AG°) of
the ET reaction withintheframework of MarcusET.
Thesmaller AGPvauesobservedfor 9-MA and substi-
tuted aniline systemindicated faster rate of ET in both

media. Under diffusive condition the solvent reorgani-
zation energy appearsto play themgor rolein govern-
ingtheET dynamics.
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