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Charge-transfer interactions of singlet excited trans isomersstyrylnaphthalenentStN, withn = 1 and

2), 9-styrylanthracene (9-StAn), anestyrylphenanthrenen(StPh, withn = 1, 2, and 9) with electron donors
(N,N-diethylaniline, DEA, and 4-brombkN-dimethylaniline, BrDMA) and acceptorgp-dicyanobenzene,
DCNB) were studied in polar and nonpolar solvent at room temperature by absorption picosecond laser flash
photolysis. The transient absorption formed within the laser pulse, already attributee-tSsand S —

S, transitions, were replaced, in the presence of amine quenchers, by the absorption of the exciplex (nonpolar
solvent) or of contact radical ion pairs (CRIP, polar solvent). The time evolution of these transients showed
the formation of the solvent-separated radical ion pair (SSRIP) and then of the longer-lived absorption of
triplet state and/or radical anions. In the presence of DCNB in polar solvent the evolution of the first excited
singlet showed the formation of CRIP, SSRIP, and radical cations. The criteria of the transient attribution
and the spectral and kinetic characteristics of the transients are reported.

Introduction SCHEME 1:

. . . hv
Charge-transfer interactions of the excited statesranfis- p —— lp

diarylethenes with electron donors and acceptors have been D+A
widely studied during the past two decade¥. Formation and Ipx+ A
decay of the exciplexes in nonpolar solvents and the complete ‘x‘i Ik"
photoinduced electron transfer in acetonitrile in the presence ka 1 ki

of aromatic and aliphatic amines and different electron acceptors CRIP ka1 SSRIP
have been investigated for stilbene and styryl derivatives of by~ k_zl sz k% l,“
naphthalene, phenanthrene, and anthracene. In particular, the D/A

radical anions and cations were characterized in terms of 3crip = 3ssrip
absorption spectra, extinction coefficients, lifetimes, and forma- Ko ks K

tion quantum yieldg2p411 The quenching of singlet excited & ,//17
diarylethenes by amines (especially those bearing a heavy atom,

e.g., bromoN,N-dimethylaniline, BrDMA) or by electron ac- D*+A

ceptors in polar and nonpolar solvents was shown to produce

an increase of the triplet population and of the photoisomer-  The charge-transfer processes and the related ionic transient
ization quantum yieldsd49 In acetonitrile, the quenching of  species formed in the bimolecular quenching of excited states
diarylethene fluorescence by BrDMA produces the triplet state have been widely investigated by several autffoS. The

of the olefin for styrylphenanthrenes and -anthracéh¥stlor, commonly accepted scheme for photoinduced electron transfer
as the case of Styry|naphtha|enes and their aza derivdfives, shows three main intermediates which differ in their energies,
mainly the radical ions. Fluorescence quenching by BrDMA, center-to-center distance, and degree of solvation. In polar
due to the enhancement of ISC process, was used in severapolvents, excitation of CT complexes is generally believed to
cases to determine the efficiency of ISC of diarylethenes with produce contact radical ion pairs (CRIP) which can either
low triplet quantum yield:0-12 undergo charge recombination or evolve along the solvent
coordinate to become solvent-separated radical ion pairs (SSRIP)
and ultimately free ions (FRE28 The formation and decay of
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The results of a recent study of fluorescence and transient

absorption of some diarylethenes in the picosecond régigh ; ; N
b y P 4 these transients generated in the photoexcitation of donor (D)/

have shown that the lowest excited singlets §8d $) can ) L :
. . acceptor (A) systems or in the diffusive quenching of D* by A
absorb and fluoresce, populate the lowest triplet, and, in the described in Scheme 1, redesigned on the basis of that by

presence of electron donors and acceptors, be quenched at clo . ; I
eters and Lee concerning stilberfamaronitrile complexe3®

to the diffusional limit!>~17 The spectral and kinetic behavior : | vent f { EXCIDIGE I CRIP
of 2-StN in the picosecond time sc&#ld®was complicated by nggggr?j;r' s;g \t/ﬁi: Sgﬁéfﬁge{;‘:ﬁ??et stte)%éeiz ?g?;e 4b '
the presence of two conformers at room temperature. In fact,CRIP b SgSRIP and b th,e recorFr)Ibination of the free ¥ons
two transients assigned to the S S, transitions of the two » 0y ’ y . '
5 Moreover, a long-range back electron transfer in SSRIP takes
rotamers have been detecféd’ .
place and generates D and A in the ground state. In the case
. of stilbene-fumaronitrile complexes, lifetimes of ca. 100 and
To whom correspondence should be addressed. 1000 ps were measured for CRIP and SSRIP, respectively, with
fUniversitadi Perugia. 0 51 .
#Bowling Green State University. a rate constant of 0.& 10° s fqr the formation of FI from
€ Abstract published irAdvance ACS Abstractdjovember 15, 1997. SSRIP? For other systems (intermolecular complexes of
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aromatics with pyridinium-analogue acceptors in zeolites), the Results and Discussion
free ions were formed within the laser pulse duration (25ps).

The possibility of a long-range electron transfer in the
diffusional bimolecular quenching process of an excited state
A* by an electron donor D (or vice versa, of an excited state
D* by an electron acceptor A) was introduced by Gould ¢al. it sional limit15-17 The fluorescence quenching followed the
on the grounds of the measurements of fluorescence quantumgyernv/olmer equation at least for quencher concentrations
yields and lifetimes of exciplexes (E) in solvents of different below 0.01 M; at higher concentrations, evidence of static
polarity. They defined an encounter excited pair having a quenching was observed. For all the DAEs, the nature and
dynamic structure where A* and D are separated by the solvent g 4|ytion of the transients were dependent on the characteristics
(S). The encounter complex, A*/S/D (or A/S/D*), canform E ot the quencher and the polarity of the solvent. The transients
or CRIP or SSRIP directly through a long-range electron it charge-transfer character (E or CRIP, SSRIP, and FI) and
transfer. In this scheme, SSRIP can be formed in two ways, {he triplet states were assigned on the basis of the following
but the final outcome is the same fate. arguments and experimental observations: (i) in a nonpolar

It seemed of interest, in this context, to extend the flash solvent the transient absorption decaying with a lifetime close
photolysis investigation to diarylethei®s'” in the presence to that of exciplex fluorescence was attributed to the exciplex;
of DEA, BrDMA, and DCNB in order to follow the dynamics (i) in a polar solvent (where the complexes do not emit) the
of the CT interactions in the picosecondanosecond region  absorption spectrum similar to that assigned to the exciplex in
and to observe the evolution of the first formed CT intermediate a nonpolar solvent was attributed to the contact radical ion pair
(E or CRIP) until the formation of FI. It was also of interestto (CRIP); (iii) the transient absorption having features close to
try to understand whether the triplet state was produced in athose of the radical ion¥;12 but with a shorter decay lifetime,
pathway parallel to that of the ion formation or in the process was attributed to solvent-separated radical ion pair SSRIP (this
of ion recombination. A picosecond laser flash photolysis species decays in the nanosecond time scale, while the free ions
investigation concerning the kinetic and spectroscopic propertiesgenerally in the microsecond time scale); (iv) the transient
of the transient species originated in the diffusive quenching of species having an absorption similar to that @btit decaying
the DAE fluorescence by different quenchers is reported in this faster was identified as the triplet complex; and (v) the radical
paper. Time-resolved spectra of styryl derivatives of naphtha- ions and triplet states of the olefins were identified through the
lene, phenanthrene, and anthracene in the presence of DEAgcomparison of their transient absorption characteristics with
BrDMA, and DCNB in polar and nonpolar solvent are presented, those already recorded in the microsecond time s€até. The
and the assignments of the transients to the singlet states, CTabsorption of the quencher-derived radical ions was too weak

Criteria of the Transient Assignment. Laser flash pho-
tolysis measurements on diarylethenes (DAES) in the presence
of electron donors or acceptors showed that both singlet states
S and $ are quenched with rate constankg) (close to the

and/or ion pair states are discussed. to be detected? 12
In the presence of amines, the lifetimes of the two rotamers

Experimental Section of 2-StN became close to each other, and the transients produced

by CT interactions did not show spectral and kinetic changes

The trans isomers of 9-styrylanthracene (9-StAmtyryl- attributable to the presence of two rotamers.

naphthalenentStN, withn = 1 and 2), andh-styrylphenanthrene Interactions with N,N-Diethylaniline. Addition of DEA at
(n-StPh, withn = 1, 2, and 9) were the same as used for concentrations below 18 M to solutions of DAE in a nonpolar
previous worké? solvent quenched the fluorescence with concomitant formation

N,N'-Diethylaniline (DEA, Carlo Erba, RPE grade), 4-bromo- of emitting exciplexes (with fluorescence lifeting of tens of
N,N'-dimethylaniline, (BrDMA, Aldrich Chemie), and 1,4- nanoseconds for StPR4¥ but did not markedly affect the shape
dicyanobenzene (DCNB, Aldrich Chemie) were used as quench-Of the transient spectra obtained just after the laser pulse, with
ers. DEA was distilled under vacuum before use; BrDMA and respect to those in the absence of additives. At delay times
DCNB were used as received. The solvents (Fluka, ACS grade)longer than 3 ns, a longer-lived absorption was observable in

were distilled and dried (acetonitrile, MeCN; ethanol, EtOH) the spectral region where the singlet states absorbed. The decay
or used as received (cyclohexane, Qmhexane,n-H; 1,2- lifetimes recorded at the wavelength of the absorption maximum

dichloroethane, DCE; ethyl acetate, EtAc). showed that Sdecayed faster than in the absence of the amine
(due to the guenching proce$&13 and that a longer-lived
species (with lifetime longer than the unquenchell ias

' formed. This transient absorption was assigned to the singlet
< -
energy<5 mJ) of a mode-locked Nd:YAG laser system (Quantel singlet transitions of the exciplex because (i) its lifetime matched

YG571). The basic features of the purrobe double-diode that of the exciplex determined by fluorimetric techniqéés,

errrggds; %‘g;g?gg g/rifgré%tljrehzlr]‘gleer-(\)/v?i\ﬁelﬁnv%rskgigzs:;ug]gave(”) its lifetime value depended on the DEA concentration, and

time at which the maximum of singlesinglet absorbance was (iii) it disappeared in the absence of DEA or DAE. The exciplex

reached. Decay kinetics were recorded up to 4 ns after the lasef- bsorption evolved toward a spectral form similar to that of
: y . pto. the triplet state but decayed faster and was assigned to the triplet
pulse. Nanosecond flash photolysis experiments were per-

. . ) . . exciplex. The formation of the triplet exciplex was more easily
fo_rmed with a Q-switched Nd:YAG laser, which was tripled to observed at DEA concentrations greater thar? where the
give a 7 nspulse at 355 nm (energy 10 mJ/pulse).

static interactions became important and the quenching of
Typical statistical errors in the lifetimes a#20% (forz < singlets was more efficient. For 1-StN, the lifetimes gfe®d

1 ns) and+10% (for longer-lived singlets). To avoid photo- s, hecame kinetically indistinguishable, since the former was

degradatlon, the solutions were circulated in af|0W-'[hI’0ugh cell. shortened more than the latter. In these expenmental condi-
All measurements were carried out at 222 °C unless tions, spectral changes were observed for alhH&Ph isomers

otherwise indicated; the solutions of thliEansstyrylarenes even at delay times longer than 0.5 ns. These changes are

(concentration ca. 1@ M) were deaerated by bubbling with  probably due to differences in the absorption spectra of the

oxygen-free argon. singlets and of the exciplexes. The transient absorption spectra

Picosecond laser flash photolysis studies were carried out with
the third harmonic Aexe = 355 nm, pulse width 30 ps, and
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Figure 1. Time-resolved absorption spectra of 1-StPh in CH in the
presence of 0.06 M DEA (a) recorded at “zero time” (1) and at 0.6 (2),
1.3 (3) and 1.9 ns (4) after the laser pulse and of 1-StRhHhin the
presence of 0.003 M DEA (b) recorded at 38),(95 ©), 200 (),

290 (v), and 390 ns<¢). Inset: decay kinetics at 480 nm.

of 1-StPh in CH in the presence of 0.06 M DEA are reported

Latterini et al.

TABLE 1: Spectral Properties of the Transients Formed by
Laser Excitation of DAE in Cyclohexane in the Presence of
DEA and Their Assignment

compd [DEA] (102 M) Amax (nm) delay (ns) transient
1-SiN 4 515, 595 0 5S
480, 600 2.9 1E*
1-StPh 6 490, 550, 620 0 15
470, 600 19 1E*, 5E*
2-StPh 10 570, 620 0 1S5S
565 2.9 1E*, 3E*
AA T T T T T
04 n
L 17
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Figure 2. 2-StN in MeCN: time-resolved absorption spectra in the
presence of 0.02 M DEA recorded at “zero time” (1) and at 0.3 (2),
0.9 (3), 1.9 (4), and 4.6 ns (5) after the laser pulse.

n-H, the enhancement factor for the triplet induction by DEA
changes from 1.7 to 11, depending on the StPE* decays in
hundreds of nanoseconds (see Figure 1b), giving rise to a species
whose kinetic and spectral properties correspond to those of
the triplet state of the previously described DAE(—DAE*).5
The absorption characteristics of 1-StN, 1-StPh, and 2-StPh in
the presence of DEA in cyclohexane are reported in Table 1.
In a polar solvent such as acetonitrile, a longer-lived
absorption was observed after the decay of the singlet state.
Since experiments carried out under the same conditions
excluded the presence of exciplex emission, it was assigned to
a nonfluorescent CT transient characterized by a complete
charge separation: a nonfluorescent CRIP. In this solvent, the
transient absorption spectra also show changes at low DEA

in Figure 1a as an example. The absorption of the singlet statesconcentrations (probably because the quenching is more efficient

were replaced at600 nm by that of the exciplex which has a
lifetime g of ~25 ns, (in good agreement with that obtained
from fluorescence measuremehts.The absorption located
around 460 nm is in the region of that of the triplet but decays
faster and is therefore assigned to the triplet exciplEx)( Its
decay is shown in Figure 1b for the 1-StPh/DEA system in the
nonpolar solvent-hexane; in particular, the kinetics recorded
at 480 nm is reported.

than in a nonpolar solvent). In fact, for the 2-StN/DEA system,
at amine concentrations around-2QM, the singlets decayed
completely in a few hundred picoseconds and gave rise to a
new species Amax 530 nm) that was attributed to the
nonfluorescent CRIP (Figure 2).

At higher DEA concentrations, the spectral shapes were also
modified at “zero time” due to the static interactions between
the DAE and the amin& The decay lifetime of CRIP (curves

The residual absorption at longer times is attributed to the 3—5 of Figure 2) increased with the DEA concentration and

triplet of 1-StPh. Unfortunately, it was not possible to record
the formation ofE* by emission technique8g* does not emit)
or by absorption (the growth of the triplet exciplex is hidden

reached a limiting value~x10-8s) which was different for each
compound. The decay of CRIP caused the appearance of a
broad absorption in the region where the anions of DAEs were

by the exciplex fluorescence). However, clear evidence for the shown to absorB?-12 This absorption was assigned to the

formation of the triplet exciplex for StPhs/DEA systems in

solvent-separated ion pair (SSRIP, curve 5, Figure 2), a species

n-hexane was reported in a previous paper where the equilibriumwith larger charge separation than the CRIP and formed from

constant for the formation of the exciplex betwe&tPh and
DEA was also measured-(L0* M~1).5 All the StPhs, except
2-StPh, have efficient IS€.However, in the presence of DEA

the latter through relaxation along the solvation coordinates or
directly by a long-distance electron transfer as described in ref
31. At longer delay times the SSRIP absorption decayed

concentrations such as those in Figure 1, the direct ISC seemglifetime 10-8—10"7 s) and/or became structured and assumed
to be completely quenched, and the triplet state is mainly formed the shape of the spectrum of the DAE radical anion, well
via exciplex tE* — 3E*). In fact, for 1-, 2-, 3-, and 9-StPhin  characterized in previous works and having lifetimes in the



Singlet Excited States of Diarylethenes J. Phys. Chem. A, Vol. 101, No. 51, 1999873

TABLE 2: Spectral Properties of the Transients Formed by T T T T T r T T
Laser Excitation of DAE in Acetonitrile in the Presence of
DEA and Their Assignment 0.60 i
[DEA] delay

compd (102M) Amax (nm) (ns) transient 1
9-StAn 0.6 <450, 570, 730 0 5 i

460, 570, 690 33 CRIP 0.30

10 <450, 575, 700 0 5, CRIP

450, 620 sh, 690 2.6 CRIP, SSRIP A
1-StN 5 510, 5707700 0 S S

485, 580 1.9 CRIP
2-StN 2 495>700 0 S S b

475 sh, 545 46 SSRIP 0.40 | .
1-StPh 10 515, 580 0 155, CRIP

520, 575 1.8 CRIP, SSRIP AA | ]
2-StPh 2 555, 615 0 S

500 sh, 560,615sh 1.8 CRIP, SSRIP 0.20 k i

6 555, 615 0 8S ) 4

510 sh, 560 1.8 SSRIP
9-StPh 10 500, 585, 700 0 1,5, CRIP i 5 i

480, 540, 585 1.8 CRIP, SSRIP | | | .

I ! 1 ! I v 1 !

: I c 1 l
microsecond rang€'? In some cases, e.g., 2-SfNand 06 F 4
2-StPh, the kinetics of the radical anion was recorded, and it ! 5 i
was possible to verify that it was coupled with the decay, in 04 L |
the pico-nanosecond time domain of the singlets and of their .
successors. The spectral properties of the transients observed [ 3 ]
in acetonitrile for some DAEs in the presence of DEA are 0.2 F A 7
summarized in Table 2. - .

In solvents of medium polarity such as ethyl acetate (EtAc) 0.0 . . . : . : : .
and dichloroethane (DCE), the interactions of the DAEs with 450 550 650 750
DEA gave rise to exciplex formation. Previous fluorimetric
measurements showed that in these solvents the emission is still A (nm)

an efficient decay pathway fqr the CT compléx. The . _Figure 3. 9-StPh in 1,2-dichloroethane: time-resolved absorption
picosecond laser flash photolysis on these systems gave timexpectra in the absence of additives (a) recorded at “zero time” (1) and
resolved absorption spectra such as those of 9-StPh in DCE inat 0.25 (2), 0.6 (3), and 2.3 ns (4) after the laser pulse and in the
the presence of different DEA concentrations which are shown presence of 0.02 M DEA (b) recorded at “zero time” (1) and at 0.25
in Figure 3. (2), 1.3 (3), 2.3 (4), and 3.6 ns (5) afEer the Ias"er pulse and in the
In the top panel a, without DEA, the decay of the singlet grgsg)‘ci gf &')4 gﬂngg%(ﬁ)sr?éogti‘: ?ﬁeﬁgs%?msg) and at0.25 (2),
state in the first 3 ns is shown. The presence of DEA (panel b) T ' ' ’
causes differences between 450 and 650 nm which can be
attributed (up to a delay time of 500 ps) to different extinction solvents of medium polarity in the presence of DEA upon
coefficients of the singlets and exciplex. At longer delays small picosecond laser excitation are summarized in Table 3.
but clear-cut absorption bands appeared at 480 and 570 nm. Interaction with BrDMA. The time evolution of the
These two transients absorb in the region of the triplet and the transients formed upon excitation of DAEs in the presence of
radical anion’® respectively, even though they decay faster BrDMA shows, with respect to DEA, a pronounced enhance-
(curves 4 and 5 of Figure 3b and more clearly curves 3, 4, and ment of triplet formation due to the effect of heavy atom on
5 of Figure 3c). For these reasons they were attributed to thethe spin-orbit coupling. In a nonpolar solvent, BrDMA
3E* and SSRIP, respectively. quenches the fluorescence lifetime of DAEs with a rate constant
The SSRIP lifetime and formation efficiency depend on the close to the diffusional limit, withk, values larger than 10
guencher concentration. In particular, the time-resolved spectraM ! s™ for 1- and 2-StN? and (0.8-2) x 101° M~ s for
of the 1-StPh/DEA system in DCE (Figure 4) clearly showed StPh isomerd. After the decay of the singlet state-8 ns) a
that an increased amine concentration caused a greater SSRIBansient absorption was observable (curve 5, Figure 5) in the
absorption {max = 580 nm) and longer lifetime. In Figure 4b  spectral region where the olefin triplets absorb480 nm).
(DEA concentratior= 0.003 M), in fact, afl > 500 nm (beyond However, the observed spectrum had a broad shape and decayed
the region hidden by the DAE fluorescence, 4800 nm) there with a lifetime much shorter than the triplet. (Characteristics
is only the absorption of the singlet. of the triplet state of DAEs were reported in refs 5 and-10
With increasing DEA concentration, a peak at 580 nm 12.) This absorption was assigned to a CT intermediate with
appeared at the end of the laser pulse. In Figure 4d, thistriplet character because of its short lifetime. In fact, the heavy
absorption is very pronounced even at “zero time”, and since it atom effect could induce a rapid process of ISC inside the
changes in the nanosecond time scale, it was attributed to SSRIPexcipleX* giving rise to a triplet complex3E*), as already
Figure 4d also shows also a pronounced absorption in the regionmentioned for the 1-StN/BrDMA system in cyclohexdfie,
of the triplet @max = 460 nm) which is hidden in panels-a which, in tens of nanoseconds, gave the longer-lived DAE
by the fluorescence of DAE and exciplex fluorescence. The triplet. Spectral properties of transients of some DAEs in CH
interference of the fluorescence decay prevents the kineticin the presence of BrDMA are reported in Table 4.
analysis of the transient at 460 nm to be recorded. The spectral In acetonitrile, BrDMA quenched the fluorescent state, giving
properties of the transients observed for 2- and 9-StPh in rise to the formation of CRIP. In this solvent, the CRIP could
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Figure 4. 1-StPh in 1,2-dichloroethane: time-resolved absorption
spectra in the absence of additives (a) and in the presence of 0.003 (b)
0.006 (c), and 0.012 M (d) DEA recorded@)( 20 (), and 50 ns4)

after the laser pulse.

TABLE 3: Spectral Properties of the Transients Formed by
Laser Excitation of DAE in 1,2-Dichloroethane and Ethyl
Acetate in the Presence of DEA and Their Assignment

[DEA] delay

compd solvent (1072M) Amax(nm) (ns) transient

2-StPh ethyl acetate 2 570,615 0 1, S
565,620 3.0 CRIP, SSRIP

9-StPh ethyl acetate 2 500,795 0 1,S
535,590, 3.0 CRIP, SSRIP
702 sh

dichloroethane 4 520,695 0 1,

470,585 3.6 CRIP, SSRIP

decay through two different competitive pathways: (i) formation
of a triplet complex and, successively, of thestate of the
olefin or (ii) formation of SSRIP and then free ions. The final

Latterini et al.
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Figure 5. 1-StPh in CH in the presence of 0.05 M BrDMA: time-
resolved absorption spectra recorded at “zero time” (1) and at 0.35
(2), 0.9 (3), 1.3 (4), and 2.6 ns (5) after the laser pulse.

TABLE 4: Spectral Properties of the Transients Formed by
Laser Excitation of DAE in Cyclohexane in the Presence of
BrDMA and Their Assignment

[BrDMA] delay
compd (1072M) Amax (nm) (ns) transient
1-StN 1 515, 5903 700 0 S S
480, 520 sh, 620 br 2.9 SE*
1-StPh 2 500, 550, 620 0 15
460, 480 2.6 SE*
2-StPh 3 550, 620 0 1SS,
500, 560 3.0 SE*
AA T T T T T T T T
030 F n
0.20 b
0.10 1 .
7
0.0o [ ! 1 L I L I L
450 550 650 750
X (nm)

Figure 6. 1-StPh in MeCN in the presence of 0.06 M BrDMA: time-
resolved absorption spectra recorded at “zero time” (1) and at 0.35
(2), 0.6 (3), 0.9 (4), 1.3 (5), 2.3 (6), and 3.6 ns (7) after the laser pulse.

wavelengths showed that the three absorptions decayed with

products of these two pathways (triplet state and FI) have alreadythree different lifetimes. The band at 700 nm which decayed

been well-characterized by laser flash photolysis experiments
in the nanosecond time sc#lé?and by the observation of trans
— cis isomerization of StPHS. Examples of time-resolved

in a few nanoseconds was assigned to the CRIP (see above).
For instance, the lifetime of the, State of 9-StPh quanched by
BrDMA in the experimental conditions of Figure +a was

absorption spectra obtained by picosecond laser flash photolysisabout 1, 0.3, and 0.2 ns, while the CRIBy{ = 700 nm)

in acetonitrile are shown in Figures 6 and 7 for the 1-StPh/
BrDMA and 9-StPh/BrDMA systems, respectively.

At rather low concentration of BrDMA, the spectrum recorded
at “zero time” was identical with that obtained in the absence
of quenchers and previously assigned to the-SS, and S —

S, transitionst>16 At longer delay time, when the absorption

decayed slower than the singlets, with< 4 ns. The time-
resolved absorption spectra clearly show that CRIP is a precursor
of the transients absorbing at 470 and 580 nm (formed within
3 ns). These transients, also present at low quencher concentra-
tions, become much more evident when high BrDMA concen-
trations (for instance, 0.1 M, Figure 7c) produce static quench-

of the singlets had disappeared, the remaining absorptionsing. The spectra of Figure 7c differ from the others in the-480
presented three maxima centered at about 470, 580, and 7000 nm region. Here, at high [Q], an absorption appeared at

nm (Figures 6 and 7). The kinetic analysis at different

“zero time” which was probably due to the direct excitation of
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T T T T T T y TABLE 5: Spectral Properties of the Transients Formed by
1 Laser Excitation of DAE in Acetonitrile in the Presence of
06 a . BrDMA and Their Assignment
i 4 [BrDMA] delay
compd (1072M) Amax (M) (ns) transient
0.3 7 9-StAn 0.6 <450, 570, 730 0 5
460, 575, 700 3.3 CRIP
i 10 <450, 575, 700 0 5%, CRIP
0 i 460, 700 3.0 CRIP, SSRIP
0. 1-StN 1 510, 5703700 0 S
460, 560 1.9 CRIP
2-StN 5 490, 620 br 0 5, CRIP
0.6 7 520 33 SSRIP
1-StPh 6 510, 610 0 19, CRIP
AA 1 460, 580, 690 sh 3.6 CRIP, SSRIP
2-StPh 1 560, 615 0 19S
0.3 ] 500 sh, 550 3.0 CRIP, SSRIP
| 9-StPh 1 510, 690 0 19, CRIP
470,580sh,690 2.6 CRIP, SSRIP
00 F i 10 520, 580, 690 0 £, CRIP
: | | . , ‘ 470, 580 1.9  CRIP, SSRIP
0.4 1
0.2 r
00 | 2
3
450 550 650 750 | 4
A (nm) 5
| 1 1 L 1 1
Figure 7. 9-StPh in MeCN: time-resolved absorption spectra in the 0.0
presence of 0.01 (a), 0.05 (b), and 0.1 M (c) BrDMA recorded at “zero 450 550 650
time” (1) and at 0.6 (2), 1.8 (3), and 3.0 ns (4) after the laser pulse. * (nm)

the DAE/BrDMA ground-state complex, which in turn gave a Figure 8. 1-StPh in MeCN in the presence of 0.01 M DCNB: time-

charge-separated species.
The two new transients absorbing at 470 and 580 nm were
assigned to the triplet complex and SSRIP, respectively. These

resolved absorption spectra recorded at “zero time” (1) and
(2), 0.6 (3), 1.3 (4), and 2.9 ns (5) after the laser pulse.

assignments were suggested by the analogy of the spectra of AA
the two transients with those of the triplet and DAE radical
anion, respectively, and by the fact that the DAE radical anions 0.30
have much longer lifetimes. The growth of the triplet species,
combined with the decay at 680 nm, could indicate the formation
of the triplet in the back-electron-transfer process. The time
evolution of the transients at 580 and 470 nm produced the 0.20
radical anion and the triplet as shown by the spectra recorded
at longer times. The spectral characteristics of the transient
formed by the quenching of DAE fluorescence by BrDMA in
acetonitrile are reported in Table 5.

Interactions with DCNB. Upon ps irradiation of DAES in
acetonitrile in the presence of an electron acceptor such as
DCNB, transients of a different nature with respect to the amines

are produced. In all cases, the absorption spectra recorded ap-00

the end of the laser pulse correspond to the-SS, and S — 450 550 650
S, transitionst®1® The time-resolved spectra of 1-StPh/DCNB
system in acetonitrile are reported in Figure 8. A (nm)

at 0.15

After 600 ps, two typical peaks of the radical cations appeared Figure 9. 2-StPh in MeCN in the presence of 0.03 M DCNB: time-

and at~ 3 ns (curve 5) the singlet absorption bands were resolved absorption spectra recorded at “zero time” (1) and at 0.6 (2),
replaced by absorptions with a shape and position similar to 1.2 (3), and 4.2 ns (4) after the laser pulse. Inset: kinetics recorded at

those of DAE radical cation¥. The kinetic analysis of the 540 ©) and 613 nm 4).

signal showed that DCNB shortened the fluorescence lifetime

with bimolecular rate constants close to the diffusional limit. toward a shape that resembled the spectrum already assigned
The quenching process induced the formation of an intermediateto DAE"*(lifetimes~ 1076—107%s). Only when the extinction
which decayed at a slower rate §1671) and then evolved coefficients of DAE" (or the intermediate SSRIP) were larger
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TABLE 6: Spectral Properties of the Transients Formed by
Laser Excitation of DAE in Acetonitrile in the Presence of
DCNB and Their Assignment.

[DCNB] delay
compd (10°2M) Amax (M) (ns) transient
9-StAn 3 <450, 580, 660,730 0 1SS
<450, 580, 655 3.3 SSRIP, DAE
1-StPh 1 510, 610 0 1SS
510, 570 2.9 SSRIP, DAE
2-StPh 3 480, 545, 620 0 135, CRIP
480, 535 4.0 SSRIP, DAE

than those of the singlets, was the growth of DABbserved

as in the case of 2-StPh/DCNB whose time-resolved spectra in

Latterini et al.

(2) (a) Wismontski-Knittel, T.; Sofer I.; Das, P. K. Phys. Chem.
1983 87, 1745. (b) Wismontski-Knittel, T.; Das, P. K.; Fischer,JEPhys.
Chem.1984 88, 1163. (c) Wismontski-Knittel, T.; Das, P. K. Phys. Chem.
1984 88, 1168. (d) Bhattacharyya, K.; Chattopadhyay, S. K.; Baral-Tosh,
S.; Das, P. KJ. Phys. Chem1986 90, 2646.

(3) Aloisi, G. G.; Masetti, F. Elisei, F.; Mazzucato, Ul.Phys. Chem
1988, 92, 3394.
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(6) Lewis, F. D.; Simpson, J. T. Phys. Cheml979 83, 2015.

(7) Adams, B. K.; Cherry, W. RJ. Am. Chem. S0d.981, 103 6904.

(8) Green, B. S.; RejtaM.; Johnson, D. E.; Hoyle, C. E.; Simpson, J.
T.; Correa, P. E.; Ho, T.-I.; McCoy, F.; Lewis, F. D. Am. Chem. Soc.
1979 101, 3325.

(9) Aloisi, G. G.; Elisei, F.; Mazzucato, U.; Prats, NI. Photochem.

acetonitrile are reported in Figure 9. In these cases, both thePhotobiol. A: Chem1991, 62, 217 and references therein.

singlet decay and radical cation growth were recorded. The
kinetics indicated that the two processes are coupled. The
spectral properties of the transient formed in MeCN in the

presence of DCNB are reported in Table 6.

Conclusions
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