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ABSTRACT: The photochemical behavior of the 2-pyridyl phenyl ketone was studied by stationary techniques in
sodium dodecyl sulfate submicellar and micellar solutions. Nanosecond laser flash photolysis was employed to
identify the primarily produced transients. The photochemistry is mainly due to fast intramolecular photocyclization,
followed by photoaddition of water, with no competition by hydrogen abstraction from the surfactants by the triplet
ketone. The intramicellar water molecules are more reactive in photoaddition than bulk water molecules. Transient
absorption spectra and lifetimes were determined. By using quenchers which are solubilized in the micelle (biphenyl)
or in the bulk water (CuCl2), intra- and extra-micellar processes were characterized. Copyright 1999 John Wiley &
Sons, Ltd.
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INTRODUCTION

2-Pyridyl phenyl ketone (2-PPK) has been the subject of
previous investigations in homogeneous solutions be-
cause of its peculiar photochemical behavior1,2compared
with the 3- and 4-PPK isomers.3,4 By studying the
photochemistry of this molecule in water, ethanol and
other organic solvents of different polarity and hydrogen-
bonding ability,2 different photoreaction paths, leading to
cyclization and reduction products, have been recog-
nized. The relative contribution of the different pathways
to the overall reactivity was found to be governed by the
hydrogen-bonding ability of the solvent.

Like the other PPK isomers, 2-PPK can be solubilized
in micelles; the partitioning constant between aqueous
and micellar phase has been determined spectrophoto-
metrically in sodium dodecyl sulfate (SLS) and Triton X-
100 (TX-100) micelles. The values obtained (SLS
1.5� 104 and TX-100 7.6� 103 dm3 molÿ1) were very
close to those determined for the other isomers.5

In this paper, the photochemistry of 2-PPK in micelles
was investigated in order to obtain information about the
role of inclusion in micelles on the intra- and inter-
molecular photoprocesses of this molecule and to gain
further support for the reaction path proposed previously.

EXPERIMENTAL

Materials. 2-PPK was purchased from Aldrich and
purified by recrystallization from light petroleum. CuCl2�
2H2O (BDH) and biphenyl (J. T. Baker) were used
without further purification. Trifluoroethanol (TFE) was
a Fluka product. The surfactants sodium dodecyl sulfate
(SLS) (BDH, specially pure) and Triton X-100 (TX-100)
(Fluka) were used as supplied. Values of the critical
micellar concentration, cmc (8.0� 10ÿ3 and 2.6� 10ÿ4

mol dmÿ3 for SLS and TX-100, respectively), and
aggregation numbers,N (62 and 143), were taken from
the literature.6 Doubly distilled water was used.

Equipment and measurement conditions. Absorption
spectra were measured on a Perkin-Elmer Lambda 16
spectrophotometer or on a Beckmann DU-7500 diode-
array spectrophotometer.

For laser flash photolysis measurements, 347 nm
radiation from a ruby laser (J. K. Lasers) was used. The
laser energy was less than 10 mJ per pulse; the time
resolution was about 20 ns. The expected accuracy in
lifetime was within 10%. Spectral and kinetic measure-
ments were carried out using a flow-through the cell
system with a ketone concentration of the order of
1.5� 10ÿ3 mol dmÿ3. Typically, measurements in
micellar solutions were carried out with an occupancy
number n< 1, in order to ensure preferential mono-
occupancy, based on a Poisson distribution. However,
some measurements were also carried out at submicellar
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surfactantconcentrationand in micellar solutionswith
n> 1.

Steady-stateirradiations of SLS submicellar and
micellar solutionsof 2-PPK were carriedout using the
254nm light from a low-pressuremercuryarc (Mineral
Light). The 2-PPK concentrationwas of the order of
6� 10ÿ5 mol dmÿ3.

All experimentswereperformedat room temperature
(20� 2°C) using freshly preparedsolutions; macro-
scopic homogeneity of the micellar solutions was
obtainedby sonication.

RESULTS

Steady-state photolysis

Steady-statephotolysisof 2-PPK(6� 10ÿ5 mol dmÿ3)
was carried out in air-equilibratedaqueoussolutions
containing different amounts of surfactant,
[SLS] = 5� 10ÿ3, 2.5� 10ÿ2, 0.1 and0.628mol dmÿ3,
correspondingto a submicellarconcentrationsolution
and micellar solutions with n = 0.22, 0.04 and 0.006,
respectively (n representsthe averageof solutes per
micelle).Themeasurementconditionsaresummarizedin
Table1 alongwith themain-peakwavelengthsat theend

of irradiation.Thespectralvariationsof 2-PPKsolutions
under continuous irradiation with 254nm light were
strongly dependenton the surfactant content of the
solution. Examplesare given in Fig. 1 where the time
courses of the spectral changesof 2-PPK at three
different SLS concentrationsare reported(total irradia-
tion time 45 min).

As can be seenfrom Figure 1(a) (submicellarSLS
concentration),the intensity of the p,p* band(269 nm)
increased,changing into two double-peakedmaxima
(259–266and287–298nm); two newbandsappearedat
216 and 340nm (broad). Clear isosbesticpoints were
detectedat 210,271and285nm.

In a micellarsolution[n = 0.22,Fig. 1(b)], thespectral
evolutionfirst observedwasin thesamedirectionasthat
describedabove,but, after a short irradiation time, the
isosbesticpointswerelost andthetypical double-peaked
bandsdisappeared.Therefore,in the 260nm region,an
initial increasein absorbancewasfollowedby adecrease
[seeinset,Fig.1(b)].Newbandsgrewat228and288nm.
Moreover, a broad absorption in the visible region
(�max= 450 nm), hardly detectablein the submicellar
solution,increasedin intensity.

At highermicellarconcentration[n = 0.006,Fig. 1(c)],
thespectrumshowedthemainincreasein the300–400nm
region (maxima at 298, 328 and 390 nm). A broad
absorptionin thevisible regionwascenteredat 595nm.

Figure 1. Irradiation time courses (full lines) of air-
equilibrated 2-PPK solutions ([2-PPK] = 6.0� 10ÿ5 mol
dmÿ3, cell path 1 cm). (a) [SLS] = 5� 10ÿ3 mol dmÿ3

(submicellar concentration); (b) [SLS] = 2.5� 10ÿ2 mol
dmÿ3 (n = 0.22); inset, absorbance changes at 265 nm
under continuous irradiation; (c) [SLS] = 0.63 mol dmÿ3

(n = 0.006). Total irradiation time, 45 min. Dashed lines
represent the spectrum before irradiation

Figure 2. End-of-irradiation spectra (full lines) of air-
equilibrated 2-PPK solutions ([2-PPK] = 6.0� 10ÿ5 mol
dmÿ3, cell path 1 cm). (a) [SLS] = 5� 10ÿ3 mol dmÿ3

(submicellar concentration); (b) [SLS] = 2.5� 10ÿ2 mol
dmÿ3 (n = 0.22); (c) [SLS] = 0.63 mol dmÿ3 (n = 0.006). Total
irradiation time, 4 h. Dashed lines represent the spectra
before irradiation
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If the irradiationwascarriedout for a longer time (4 h,
Fig. 2), the concentratedmicellar solution remained
almostunchanged[Fig. 2(c)], while the submicellarand
dilute micellar solutions tended to similar end-of-
irradiationspectracharacterizedby a prominentpeakat
288nm. The rate of increaseof this peakmatchedthe
absorbancedecreasein the 260nm region.Evolution in
this direction was faster in the dilute micellar solution
[Figs1(b)and2(b)] thanin thesubmicellarsolution[Figs
1(a)and2(a)].

An absorptionspectrumverysimilar to thatin Fig.2(c)
wasobtainedwhena concentratedmicellar solutionwas
addedto the irradiatedsampleof Fig. 2(b). Upon 1:3
dilution with waterof the irradiatedsampleof Fig. 2(c),
the spectrumbecamethat in Fig. 2(b). However,it was
impossibleto changethe two-peakedspectrumin Fig.
1(a) or (b) into the spectrumof the irradiatedmicelle-
concentratedsolutionby addingsurfactant.

The photochemistryof 2-PPKin purewaterwasvery
similar to that at submicellarSLSconcentration.

The photochemistryof 2-PPKin pureTFE resembled
that in submicellar solution up to the transformation
illustratedin Fig. 1(a); furtherirradiationleft thedouble-
peakedspectralpatternunchanged.Only whenwaterwas
added did the spectrum change toward the end-of-
irradiationspectrumwith themaximumat 288nm.

Summarizing,from the steady-statephotolysis,three
typesof absorptionspectrawereobtainedby irradiating
2-PPKin thepresenceof SLS:

(i) a two-peakedspectrum(A) which appearedin
submicellarand dilute micellar solutionsafter a short
irradiationperiod(alsoin waterandin TFE);2

(ii) a spectrumcharacterizedby the 288nm peak(B),
alsoshowingabsorptionsat higher (228 nm) and lower
(450nm)energies(alsoin waterbutnot in TFE),derived
from thepreviousone;

(iii) a spectrum which appearedin concentrated
micellar solution (C), extendingin the UV and visible
regions(characteristicpeaks:328and595nm).

The molecularspeciescorrespondingto spectraA, B
andC arerelatedasshownin Scheme1.

Scheme 1

Figure 3. Effect of base and acid addition to a solution containing both A
and B. (1) Starting irradiated solution; (2) after addition of concentrated
NaOH; (3) after addition of concentrated HCl

Table 1. Steady-state irradiation: experimental conditions and end-of-irradiation characteristic peaks observed in aqueous
solutions of 2-PPK (6� 10ÿ5 mol dmÿ3) containing various amounts of SLS

[SLS] (mol dmÿ3) n % mic [2-PPK]w [2-PPK]M/[2-PPK]w �max (nm)

5� 10ÿ3 0 6� 10ÿ5 288
2.5� 10ÿ2 0.22 78 1.3� 10ÿ5 3.6 288,450
0.1 0.04 95 0.3� 10ÿ5 19 288,450
0.63 0.006 99.3 0.04� 10ÿ5 149 328,590
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Theadditionof NaOHto B producedanewabsorption
(D), characterizedby aprincipalmaximumat393nmand
a weakerbandat 605nm, which reversiblyconvertedto
B when HClO4 was added.As shown in Fig. 3 the
addition of acid to the alkalinized solution completely
suppressedthe residual amount of A, presentbefore
alkalinization.

Experimentsin TFE showedthatwaterwasnecessary
for the processA → B. ReversibleconversionB ↔ C
indicatedthat spectraB andC originatedfrom the same
chemicalspeciesin adifferentenvironment:B wasin the
bulk water, whereasC was enclosedin micelle. The
unconvertibilityof A to C (or vice versa)indicatedthat
thespeciescorrespondingto A wasprobablyapolarone,
which,onceit hadescapedfrom themicelle,couldnotre-
enter to give spectrumC, but proceededto B. The
reversibleconversionB ↔ D, when NaOH/HCl was
added,indicatedanacid–baseequilibration.

Nanosecond laser ¯ash photolysis measurements

2-PPK was investigated by nanosecondlaser flash
photolysis (�exc= 347 nm) in SLS anionic micelles.
Someexperimentswerealsocarriedout in TX-100 non-
ionic micelles, where the moleculesexperiencea less
polarenvironment.5

Measurements in SLS. Spectra and kinetics of the
transientsobtainedupon flashing2-PPK aqueoussolu-
tions ([2-PPK]= 1.5� 10ÿ3 mol dmÿ3) in the presence
of SLS were takenat submicellarsurfactantconcentra-
tion and in micelle solutionat variousmicellar concen-
trations.Oxygen-freeandair-equilibratedsolutionswere
investigated.The spectraland kinetic dataobtainedare
reported in Table 2. Time-resolved spectra of the
transientsobtained from an air-equilibrated micellar
SLS solution ([SLS] = 0.03 mol dmÿ3, n = 4.2) of 2-
PPK([2-PPK]= 1.5� 10ÿ3 mol dmÿ3) aregiven in Fig.
4.

Thespectralandkineticbehavioruponlaserexcitation
of submicellarsolutions([SLS] = 5� 10ÿ3 mol dmÿ3) of
2-PPKis similar to thatpreviouslyfoundin purewater.2

Two transientswereobserved(first-orderdecay),ashort-
lived one, T1 (t1 = 420ns at 330nm in an oxygen-free
solution, quenching by oxygen, kox = 2.8� 109 dm3

molÿ1 sÿ1) anda longer-livedone,T2 (rise-time= 380ns
at 520 nm), mainly absorbing in the visible region
(�max= 400 and 490nm, t2 = 800ms), which was in-
sensitiveto oxygen.

The behaviorupon laserexcitationof 2-PPK in SLS
micellar solution([SLS] = 0.63mol dmÿ3, n = 0.15)was
similar to that describedin submicellarmedium,but the
lifetime of the longer-livedtransient,T2, wasshortened
(t2 ca100ms).Thedecaykineticswerealsoinvestigated
in the presenceof quencherswhich were prevalently

Table 2. Spectral and kinetic characteristics of the transients obtained by ¯ashing 2-PPK aerated solutions containing different
SLS concentrations.

T1 (� = 320–330nm) T2 (� = 390–490nm) T3 (� = 340nm)

[SLS] n t(ms) kox(dm3 molÿ1 sÿ1) t(ms) k(CuCl2)/(dm3 molÿ1 sÿ1) t(ms)a

0.63 0.15 0.27 3.3� 109 93 1.3� 107

0.1 1.0 0.26 23 24
0.03 4.2 0.26 9.5 11
0.005 Submic. 0.35 2.8� 109 800
Waterb 0.45 3.2� 109 �600

a Risetime.
b In oxygen-freesolution;from Ref. 2.

Figure 4. Time-resolved spectra of the transients obtained
upon laser excitation (347 nm) of 2-PPK ([2-
PPK] = 1.5� 10ÿ3 mol dmÿ3) in an air-equilibrated SLS
micellar solution ([SLS] = 0.03 mol dmÿ3, n = 4.2). (a) &,
0.02 ms; *, 0.32 ms; *, 1.6 ms. (b) &, 2.0 ms; *, 32 ms; *,
160 ms
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solubilizedin themicelle (biphenyl)or in thebulk water
(CuCl2) andwereessentiallytransparentat theexcitation
wavelength(347nm).Biphenyl,anefficientquencherof
triplets,7 residespredominantlyin the micellar pseudo-
phase8 (>99%with [biphenyl]= 10ÿ3–10ÿ2 mol dmÿ3 in
a 0.6 mol dmÿ3 SLS solution).9 The Cu2� ion is an
efficient quencherof radicalsanddissolvesin the water
phase and the micellar surface.10 The addition of
biphenyl (3� 10ÿ3 to 10ÿ2 mol dmÿ3) to SLS micellar
solutions([SLS] = 0.63mol dmÿ3) of 2-PPKleft the T1

and T2 lifetimes unchanged.However,sensitizationof
triplet biphenylwasindicatedby theabsorbanceincrease
(DA) at370nm.ThesensitizationStern–Volmerconstant
(Ksv = 88 dm3 molÿ1), obtained from the relationship
DAÿ1 = DAmax

ÿ1 (1� 1/Ksv[biphenyl]),4 indicates a
short-livedtriplet sensitizer(t� 10 ns).The additionof
CuCl2 resultedin a decreasedT2 lifetime (but not DA)
measuredin the visible region (kq = 1.3� 107 dm3

molÿ1sÿ1).
By decreasingthe surfactant concentrationin the

micellar range,which implies an increasedoccupation
number, a peculiar behavior was observed.The T2

lifetime decreasedfurther; this decreasewas accompa-
niedby anincreasedabsorbanceat340–350nm(T3, rise-
timematchest2), whichwasstableat leastfor 1 ms(long-
lived transientor photoproduct).

Measurements in TX-100. The first transient, T1,
detected upon laser excitation in a TX-100 ([TX-
100]= 0.41 mol dmÿ3) micellar solution of 2-PPK ([2-
PPK]= 1.5� 10ÿ3 mol dmÿ3, n = 0.52) exhibited an
absorptionpeakat340nm,anextendedabsorptionwithin
360 and 510nm and a low-intensity band at 610nm.
After a few hundrednanoseconds,the 340 and 610nm
bands decreased(t1 = 0.32ms), while the absorption
slightly increasedat 390 and 520–540nm (rise-timeca
0.4ms). The spectralevolution within 1.6ms after the
laser shot is illustrated in Fig. 5(a). The subsequent
spectralchanges[Fig. 5(b)] and kinetics indicated the
presenceof two other transients:a long-lived one (T2,
t2 = 120ms,�max= 390nm) anda shorter-livedtransient
(T3, t3 = 25ms), which absorbed in both the UV
(�max= 340 nm) and visible (�max= 490 nm) regions.
In thevisibleregionthedecayprofilefits abi-exponential
law because the T2 absorption overlapped the T3

absorption. Even though it was barely measurable
experimentally,the rise time of T2 (390 nm) wasof the
sameorderof magnitude(ca 0.2ms) as that of T3 (530
nm) and very closeto the T1 lifetime. This meansthat
both T2 and T3 originated from T1. Owing to the
shortnessof t1, thespectrain Fig.5(b)containedonly the
absorptioncontributionsfrom T2 andT3; after160ms,the
spectrumrepresentedsubstantiallytheneatabsorptionof
T2. By subtractingthis spectrumfrom thatrecordedafter
2ms (no contributionfrom T1), theneatabsorptionof T3

was obtained (Fig. 6). The T3 spectrumshowedtwo
maxima at 340 and 500nm. Both T1 and T3 were
sensitive to oxygen (kox = 2.9� 109 and 4� 108 dm3

molÿ1 sÿ1, respectively).Both the T2 and T3 lifetimes
werequenchedby CuCl2 with rateconstantsof 7.3� 106

and 2.5� 107 dm3 molÿ1 sÿ1, respectively. Adding
biphenyldid not affectt or DA of the transients;a slight
absorptionincreasewasobservedonly at 370nm with a
decaytime of ca 2ms, presumablydue to the biphenyl
triplet.11 Thecharacteristicsof thetransientsobtainedare
reportedin Table3.

Figure 5. Time-resolved spectra of the transients obtained
upon laser excitation (347 nm) of 2-PPK ([2-
PPK] = 1.5� 10ÿ3 mol dmÿ3) in an air-equilibrated TX-100
micellar solution ([TX-100] = 0.41 mol dmÿ3, n = 0.54). (a)
&, 0.06 ms; *, 0.3 ms; 6+, 1.6 ms. (b) &, 2.0 ms; *, 21 ms; 6+,
160 ms

Figure 6. Absorption spectrum of T3 obtained by subtraction
of spectra in Fig. 5(b) (see text)
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DISCUSSION

Micellar solutionsusedin the steady-stateexperiments
were so diluted in 2-PPK (Table 1) as to exclude
intramicellar bimolecular interactions. In the flash
photolysisexperiments,owing to irradiatingon theweak
n,p* transition,higher2-PPKconcentrationswereused,
andthereforethe occurrenceof bimolecularinteractions
within the micelle could not be ruled out. The photo-
reactivity, and therefore the spectral changes,were
mainly determinedby the distribution of the molecules
between the aqueous and micellar phases and the
dynamics of entry and exit from the micelle of the
speciesproduced.

An assignmentof photoproducts is proposed in
Scheme2; specieswhich were not spectrallydetected
areenclosedin squarebrackets.As shownin Scheme2
the most importantprocesswas the fast intramolecular
reactionof 2-PPK.In this scheme,spectrumA (typical
two-peakedband),observeduponashortirradiationof an
air-equilibratedsubmicellarSLS solution or even of a
low micelle-concentration solutionof 2-PPK,similar to
thatalsofoundin purewater,waspreviouslyassignedto
a cyclic ketone.2 This species is probably in the
protonatedform whenin bulk water,but is deprotonated
in thelesspolarenvironmentof themicelle.Fluorenone-
like heterocyclic ketoneshave in fact been found to
exhibit absorptionsspreading in the visible region,
strongly dependenton pH and solvent.12 Hydrogen
abstractionfrom thesurfactantby then,p* triplet ketone,
which was found very efficient for the 3- and 4-PPK
isomers,4 was not detected here. This indicates an
efficient competitionof the intramolecularfast reaction
with the bimolecular interaction of the short-lived
(picosecondtime-scalein water)2 triplet of 2-PPK.

The subsequentspectralevolution observedin both
submicellar and low micelle concentrationsolutions
(spectrumB, 288nm peak)was also observedin water
after a longer irradiation time, but not in neat TFE,
indicatingthatwateris involvedin thephotoreaction.We
suggestthat B derives from the photoadditionof one
water molecule to the carbonyl (Scheme 2). The
difference between submicellar and dilute micellar
solutionsis a fasterrate(aboutfivefold) of B formation

in themicellar solutionthanin thesubmicellarone(and
muchmore than in water). In a moreconcentratedSLS
solution ([SLS] = 0.63 mol dmÿ3, n = 0.006),wherethe
micellizationis 99%andthe2-PPKconcentrationin the
bulk water is of the orderof 10ÿ7 mol dmÿ3 (ascalcu-
latedfrom thepartitioningconstant, 1.5� 104 dm3molÿ1),5

the evolution to spectrumC of the irradiated2-PPK is
apparentlydifferent.However,the conversionof C to B
by dilution with waterandof B to C by addingsurfactant
indicatesthat thesamespeciesis photoproducedin both
micellesandwaterandthespectraldifferencesaredueto
thedifferentenvironments.Photoadditionof waterto the
photoproducedcyclic ketonein micelles,whichprobably
occurs on the unprotonatedform, is so fast that the
speciesspectrally detectableis directly the addition
productC. While it may be surprisingthat water adds
more easily in the micelle than in the bulk, we believe
that watermolecules,penetratinginto the micelle,13 are
morereactivethanbulk watermoleculesbecauseof the
hydrogen-bondedstructurein the bulk. This meansthat
theketoneis locatedin theaqueousSternregion,nearthe
water–micelleinterface.In fact,nearthemicellarsurface,
a certain‘porosity’ existswherewatermoleculespene-
tratevery deeply,13 up to a distanceof four to six carbon
atoms.14Thus,‘free’ watermoleculescaneasilyaddto the
carbonylin the micelle cage.Similarly, the fasterrate in
submicellarsolutionthanin purewatercanbe attributed
to the ‘structure-breaker’role playedby the surfactant.

The reversible effect of acid/baseaddition to the
irradiatedsolutionsandthenewspectrumD observedin
very alkaline solution support the hypothesisof the
photoproductstructurebearingtwo basicfunctions.It can
alsobe observedthat in the aqueous(pH� 5) irradiated
systems(spectrum1 in Fig. 3), A (259–266nm) andB
(288 nm) are both presentwith a shoulderat 328nm;
after alkalinization (pH> 10) and re-acidification
(pH< 3), the 328nm absorptiondisappears.This beha-
vior supportsthe assignmentof the 328nm peak to a
speciesof intermediatebasicitybetweenB andD. This is
probably the adduct C which dominatesthe spectral
patternin SLSconcentratedsolution[Fig. 2(c)].

Laser flash photolysis experimentsare not easily
relatedto steady-stateirradiation experiments,for two
reasons.First,owingto experimentalrequirements,the2-

Table 3. Spectral and kinetic characteristics of the transients obtained by
¯ashing an aerated TX-100 micellar solution ([TX-100] = 0.41 mol dmÿ3,
n = 0.52) of 2-PPK

Transient �max (nm) t (ms) Effect of quenchers

T1 340 0.32 kox = 2.9� 109 dm3 molÿ1 sÿ1

T2 390 120 k(CuCl2) = 7.3� 106 dm3 molÿ1 sÿ1

T3 340 26 kox = 4.6� 108 dm3 molÿ1 sÿ1

k(CuCl2) = 2.9� 107 dm3 molÿ1 sÿ1

490 23 kox = 3.8� 108 dm3 molÿ1 sÿ1

k(CuCl2) = 2.0� 107 dm3 molÿ1 sÿ1
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PPK concentrationdiffers by more than two ordersof
magnitude.Second,the transientsdetectedupon laser
excitation, which are the precursorsof the species
(intermediatesand/orfinal photoproducts)observed under
continuousirradiation, may exhibit different affinities
towardsmicellesandmay relocateduring their lifetime.

The closesimilarity of the photobehaviorof a water
solution and a dilute micellar solution at the earliest
irradiationtimes(spectrumA) allowsoneto hypothesize
a reaction mechanismanalogousto that proposedin
water.2 The photochemistryoriginatesfrom the short-
lived triplet n,p* state,which is hererevealedindirectly
by biphenyl sensitization occurring in the micelle.
Sensitizationof biphenyloccurssincethetriplet energies
of 2-PPK15 andbiphenyl16 match(ET� 65.5kcalmolÿ1)

but the exciting light is only absorbedby 2-PPK.Of the
directly detectedtransients,only T1 (Table 2) in its
kinetics and spectralbehaviorcorrespondswell to the
transientfound in water,which hasbeenassignedto the
triplet dihydro derivative (Scheme 3). This species,
becauseof its insensitivity to CuCl2 addition,residesin
micelle. By crossingto the singlet state, it yields the
dipolar speciesT2. However,as shownin Table 2, the
lifetime of this transientis muchshorterin the micellar
solution than in water (which, in turn, is close to a
submicellar solution). Since such a dipolar structure
would exist almostexclusively in the aqueouspseudo-
phase,shorteningof its lifetime could be due to some
quenchingprocessoccurring on (or before) exit from
micelle.As shownin Table2, thequenchingis operative

Scheme 2
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in the micellar solutions and becomesmore efficient
when the micelle concentrationdecreases(occupation
number increases). The increased quenching with
decreasedmicelle concentrationcan be explained by
assuming a quenching process of T2 by unreacted
ground-stateketonein the micelle cage.As the occupa-
tion numberincreases,this processbecomesmore and
moreprobable,thusreducingthe T2 lifetime. T3, which
clearly derivesfrom T2, is the quenching(unidentified)
byproduct,which is undetectablein concentratedmicelle
solutionsbecauseit is producedin smallamounts,butit is
indirectly revealedby the DA (330 nm) decreasewhen
CuCl2 is added.In the submicellarmedium,wherethe
cageeffectdoesnot occur,theT2 lifetime is of thesame
orderof magnitudeasin theabsenceof surfactant.

Scheme 3

Thebehaviorin TX-100showssomeanalogies,evenif
not supportedby results under continuousirradiation,
since steady-stateirradiation experiments were not
performedowing to the appreciableabsorptionof the
254nmlight by thesurfactant.Thefirst transientT1 is the
sameas in previouscases,that is, a triplet species,as
provenby oxygenquenching.Subsequently,theproduc-
tion of T3 (typical absorptionwith two maximaat 340
and 490nm, t� 25ms), which has previously been
assignedto a radical derived from TX-100,4 indicates
an interactionof the surfactantwith T1. Since T1 is a
triplet, hydrogenabstractionfrom the surfactantis the
processmostlikely to occur.We recall thatTX-100 is a
more efficient hydrogendonor than SLS,4 where this
processwasnot detected.

CONCLUSIONS

The peculiarbehaviorof 2-PPK,comparedwith the 3-
and4-PPKisomers,is demonstratedby theresultsof this
work. The surfactant concentration in submicellar
medium, which was high enoughto causeinteraction
with the 3- and 4-PPK triplets yielding hydrogen
abstraction,4 hasno effect on either the photochemistry
or the dynamicsof the transientsinvolved in the 2-PPK
photolysis, apart from a slight reduction in the time
requiredfor the water photoadditionreaction.Even in
micellar solution, where the interaction of the triplet
ketonewith thesurfactantshouldincreasebecauseof the
vicinity effect, the monomolecularprocessis by far
preferred.

The photochemistryof 2-PPK in the presenceof
surfactantdoesnot substantiallydiffer from the photo-
chemistry in water. This is due to the very strong
reactivity of its n,p* triplet state in hydrogen-bonding
mediawhich competesefficiently with otherphotophy-
sicalprocessesor bimolecularinteractions.Thus,thefirst
reactionstepis thesamein micellarmediumasin water,
becausetheketoneis enclosedin amicellarsitewherethe
carbonylis exposedto interactionwith water.Theeffect
of the microheterogeneoussystemis mainly reflectedin
the decaydynamicsof the transientswhich are photo-
producedandthe rateof waterphotoaddition.The cage
effect is responsiblefor the quenchingprocessobserved
in micelles and is particularly evident under the high
occupationnumberconditionsof the laserexperiments.
The interstitial water affectsthe rate of photochemistry
by rapidadditionto thefirst observedmetastablespecies.
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