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Picosecond and Nanosecond Fluorescence Decays of 4-(Dimethylamino)phenylacetylene in
Comparison with Those of 4-(Dimethylamino)benzonitrile. No Evidence for Intramolecular
Charge Transfer and a Nonfluorescing Intramolecular Charge-Transfer State
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With 4-(dimethylamino)phenylacetylene (DACET) ip-dioxane/water mixtures, efficient fluorescence
quenching of the locally excited (LE) state occurs, becoming more efficient with increasing water content.
This quenching does not lead to the appearance of an emission from an intramolecular charge-transfer (ICT)
state, in contrast to what is found with 4-(dimethylamino)benzonitrile (DMABN). With DMABIg-ioxane

and its mixtures with water, picosecond LE and ICT fluorescence decays are observed, with a shortest decay
time down to 3 ps fop-dioxane/water (50/50). A similar quenching process takes place with the planarized
1-methyl-6-cyano-1,2,3,4-tetrahydroquinoline (NMCQ), for which molecule ICT has not been found. It is
concluded that there is no experimental evidence or photophysical argument that ICT occurs with DACET in
p-dioxane/water mixtures or other polar solvents, contrary to what was recently reported on the basis of
nanosecond single-photon-counting (SPC) experiments (N. Chattopadhyay. &tats. Chem. 2001, 105,

10025). A comparison between the results of picosecond and nanosecond SPC measurements with DMABN,

DACET, and NMCQ is made.

Introduction

The photophysical behavior of 4-(dimethylamino)phenyl-
acetylene (DACET) and 4-(dimethylamino)benzonitrile (DMABN)
in p-dioxane/water mixtures at room temperature was recently
reported on the basis of time-correlated single-photon-counting
(SPC) experiments with nanosecond flash lamp excitdtion.
was observed that the fluorescence quantum yie{gand decay
time, 7;, of DACET decrease from 0.217 and 3.70 ns for neat
p-dioxane to 0.019 and 310 ps forpedioxane/water mixture
with a 40/60 volume ratio. It was concluded from these data
that DACET undergoes an intramolecular charge-transfer (ICT)
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for DACET because of the weak electron-accepting properties
of its acetylene group (from its Hammett substituent parameter,
o, of 0.4 as compared to 0.8 forCN)? and the relatively large
magnitude of the\E(S1,S,) energy gap between the two lowest
excited singlet stateskor 4-fluoroN,N-dimethylaniline, a para-
substituted dimethylaniline with a fluorine substituent of similar

reaction in polar environments. This conclusion was based OoNg value (04)5’5 ICT was likewise not observedlnstead of

a comparison with simila®s andz; data of DMABN, for which

it is well-established that an ICT reaction takes place in
p-dioxane and mixtures of this solvent with watep. The
observation that, in contrast to DMABN? dual fluorescence
from a locally excited (LE) and an ICT state (Scheme 1) is
not found with DACET in thep-dioxane/water mixturésor in
strongly polar aprotic or protic solvents, such as acetonitrile
and other alkylcyanides or methanol and other alcohalas
explained by invoking a nonfluorescent ICT state.

In Scheme 1k, andky are the rate constants of the forward
and backward ICT reaction;, (LE) and 7, (ICT) are the
fluorescence lifetimes, arg (LE) andk; (ICT) are the radiative
rate constants.

It has previously been pointed out that even in the polar
solvent acetonitrile the occurrence of an ICT reaction is unlikely

* To whom correspondence should be addressed. Had®-551-201-
1501. E-mail: kzachar@gwdg.de.

T Permanent address: Department of Chemistry, Gunma University,
Kiryu, Gunma 376-8515, Japan.

* Permanent address: Department of Chemistry, Lomonossow University,
Moscow 119899, Russia.

invoking ICT, the decrease i®; and the shortening of the
fluorescence lifetime of DACET in acetonitrile at 26 (1.55

ns) as compared to that in the less polar solvediexane (5.06

ns) and diethyl ether (4.04 ns) was attributed to polarity-
enhanced internal conversion (IC) or intersystem crossing (ISC)
or both?10 |n addition to these radiationless decay channels,
photohydratiok!12(depending on pH) and photoionizatfoare
possible excited-state deactivation channels of DACET in
p-dioxane/water mixtures and polar aprotic solvents, such as
acetonitrile.

The photophysics of DACET was initially investigated
following a prediction based on quantum-chemical calculations
that DACET should undergo an ICT reaction more efficiently
than DMABN to a rehybridized ICT (RICT) state with an in-
plane bent CCH acetyleno grodipBecause no evidence for
an ICT reaction was found, it was concluded that this RICT
state does not play a role in the photophysics of DACET starting
from the S state’ Although a RICT state with an energy above
that of § evidently can, in principle, exist for DACET and
DMABN, it was abandoned in favor of a twisted ICT (TICT)
state in later calculations of DMABK!

10.1021/jp025814b CCC: $22.00 © 2002 American Chemical Society
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Figure 1. Fluorescence and absorption spectra (normalized) &€ 28 (left) 4-(dimethylamino)benzonitrile (DMABN) ip-dioxane ang-dioxane/

water (90/10 volume fraction), (middle) 4-(dimethylamino)phenylacetylene (DACEF-Hinxane ang-dioxane/water (50/50), and (right) 1-methyl-
6-cyano-1,2,3,4-tetrahydroquinoline (NMCQ)prdioxane angb-dioxane/water (50/50). The fluorescence spectrum of DMABN consists of emissions
from a locally excited (LE) and an intramolecular charge-transfer (ICT) state, whereas with DACET and NMCQ only a single LE emission is
observed. 4-(Methylamino)benzonitrile (MABN) was used as the model compound for LE in the separation of the LE and ICT contributions to the
fluorescence spectra of DMABN.

A comparison between picosecond and nanosecond fluores-fluorescence could not be detected at the excitation wavelength
cence decays of DMABN and DACET ip-dioxane and (296 and 276 nm). The solutions, with an optical density
p-dioxane/water mixtures is reported here. Decays of the between 0.4 and 0.6 for the maximum of the first band in the
planarized 1-methyl-6-cyano-1,2,3,4-tetrahydroquinoline (NMCQ), absorption spectrum, were deaerated by bubbling with nitrogen
for which a TICT reaction cannot occur, are presented for for 15 min. The p-dioxane/water volume fraction after the
comparative purposes. It is shown here that the fluorescencenitrogen bubbling was checked by determining the refractive
decay times reportédor DMABN do not represent the ICT  index of the solution. The fluorescence spectra were measured
decay time$ of this molecule, these data being hence not with a quantum-corrected Shimadzu RF-5000PC spectrofluo-
suitable as evidence in support of the occurrence of ICT with rometer. The fluorescence quantum yieldis, with an estimated

DACET in p-dioxane/water mixtures or polar solvents. reproducibility of 2%, were determined relative to quinine
sulfate in 1.0 N HSQ, (®f = 0.546 at 25°C),16 with equal
Experimental Section optical densities at the excitation wavelength. The difference
The synthesis of DACET was described previoddhMABN in refractive index between the solutions was not taken into

account’ The fluorescence decay times were determined with
picosecond laser (excitation wavelendth. = 276 nm; 1.98

WS MO C Moy ps/channel) and nanosecond flash larg(= 297 nm; 40.6
ps/channel) single-photon-counting (SPC) setups. These setups
@ DMABN @ DACET NmMca and the analysis procedure of the fluorescence decays have been
< & ¢ reported elsewher€:1°The instrument response function of the
N ﬁ N picosecond laser system has a half-width of 18 ps, and the time

resolution is estimated at 3 ps.

was obtained from Aldrich. NMCQ, mp 54.4C, was made
from 1,2,3,4-tetrahydroquinoline in four steps, as described in
the literaturet> HPLC was the last step in the purification Absorption and Fluorescence of DMABN, DACET, and
procedure of these three compounds. The solyedibxane NMCQ. The absorption and fluorescence spectra atQ®f
(Merck, Uvasol) was chromatographed ovep@d and stored DMABN, DACET, and NMCQ inp-dioxane and g@-dioxane/
over sodium wire until being used. The water content of neat water mixture, (90/10) for DMABN and (50/50) for DACET
p-dioxane used in the present experiments (0.008%) wasand NMCQ, are depicted in Figure 1. Spectroscopic data for
determined by a Karl Fischer titration. Water (Baker, Lichrosolv) these molecules are listed in Table 1. Dual fluorescence from a
was used without further purification. With both solvents, LE and an ICT state is observed for DMABN, whereas with

Results and Discussion
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TABLE 1: Fluorescence Quantum Yields,®s, Maxima, v™@, of the Absorption and Fluorescence Spectra and Energy&(S,),
for DMABN, DACET, and NMCQ in p-Dioxane and p-Dioxane/Water Mixtures at 25 °C, See Figure 1

solvent composition

(p-dioxane/water) DMABN DACET NMCQ
D 100/0 0.041 (LE) 0.20 0.30
0.039 (ICT)
0.95 @'(ICT)/®(LE))
90/10 0.0026 (LE) 0.105 0.20
0.024 (ICT)
9.2 (@'(ICT)/P(LE))
50/50 0.0004 (LE) 0.021 0.022
0.0063 (ICT)
15 (@'(ICT)/P(LE))
v"(abs) [1000 cm?] 100/0 34.62 34.82 33.56
90/10 34.20 34.73 32.88
50/50 33.37 34.63 32.29
v™(flu) [1000 cnTY] 100/0 28.26 (LE) 28.08 28.17
23.03 (ICT)
90/10 27.93 (LE) 27.82 27.93
20.80 (ICT)
50/50 27.86 (LE) 27.38 27.63
19.29 (ICT)
E(S,) [1000 cnT?]2 100/0 31.08 30.57 30.63
90/10 30.94 30.42 30.43
50/50 30.22 30.24 30.11

aThe energy of the crossing of the absorption and fluorescence spectra.

DACET and NMCQ only a single LE emission band appears can be fitted with two exponentials: 102 ps and 3.86 ns. Fits
in p-dioxane and the (50/50) mixtures with water. The LE and of the same quality;? = 1.07 for LE and ICT decays) are
ICT fluorescence quantum yield®(LE) and ®'(ICT) at 25 obtained with fixed values for, between 11 and 200 ps. This
°C of DMABN decrease from 0.041 and 0.039 rdioxane apparent short decay time of 18090 ps should be compared
(0.01% water) to 0.0026 and 0.024prdioxane/water (90/10)  with 7, from picosecond SPC measurements, 25 (see above)
and 0.0004 and 0.0063 jprdioxane/water (50/50). A similar  and 20.4 ps from recent experiments with smaller instrumental
decrease in®(LE) takes place for DACET, from 0.20 in  half-width1® The LE decay cannot be fitted with a single
p-dioxane to 0.021 ip-dioxane/water (50/50), see Table 1, in  exponential (3.80 ns), see Figure 2b. Interestingly, a deconvo-
good agreement with results (0.217 and 0.031) reported in ref|ytion of the nanosecond ICT decay with that of the LE state
1. Also for NMCQ, addition of water t@-dioxane leads to @ regylts in a time of 192 10 ps (Figure 2c), clearly larger than
decrease inb(LE),® from 0.30 (100/0) to 0.022 (50/50), see ihe expected value of K(+ 1/7) = 131 ps (Scheme 2,23
Table 1. ) . . using the data from ref 4 given above. When such an LE/ICT
Fluorescence Decays of DMABN irp-Dioxane. The pico- deconvolution is made with the picosecond decagssingle
second LE and ICT fluorescence decaydeqgs 1 and 2), of e 6 130 ps is obtained, supporting the validity of Scheme 1
i(LE) = A, exp(—t/r,) + A, exp(—t/z,) 1) with two excite_d-state species._Tht_e finding that the subnano-
second decay times of DMABN ip-dioxane cannot accurately
i(ICT) = A, exp(~tir)) + A, exp(-t/t,) ) be determined in a na_no:_secpnd SPC experiment is in fac_t _to be
expected. At best, an indication of the presence of an additional

DMABN in p-dioxane at 25C have been reported previoudly. ~ short decay channel is found, as shown in Figure 2.

Both decays are double exponential (egs 1 and Z, t;) with Picosecond and Nanosecond Fluorescence Decays of
decay times of 25 pg{f) and 3.88 ns1;). From the amplitude DMABN in p-Dioxane/Water Mixtures. With DMABN in

ratio, A1o/As1 (4.36), and the lifetimero (3.9 ns), of the model  p-dioxane/water (90/10), the picosecond LE fluorescence decay
compound 4-(methylamino)benzonitrile (MABN), the forward  can obviously (Figure 3a) not be fitted with a single exponential
ICT rate constantks (32.3 x 10° s7%), the back reactionky (reported as 200 ps in ref 1). For an acceptable fit three
(7.4 x 10° s71), and the lifetime of the ICT state, (3.85ns),  exponentials are required: 11 ps, 256 ps, and 3.41 ns, as seen
were calculated.Clearly, as is generally the case when< from the global analysis of the LE and ICT decays in Figure
71, the longest decay timey, is effectively equal ta, andz, 3a (egs 3 and 4). When the ICT decay is deconvoluted with the
= 1/(ka + kg).2% It is not surprising that the shortest decay time,

72 (25 ps), corresponding to one-fourth of the channel width in ;| £y = A . exp(=t/7.) + A... exp(=t/z.) + A.. exp(—t/t
the case of a 96.6 ps/channel time resolutiorgnnot be (LE) = Auy exp(UT) + Arp exp(UT) + Ay exp(-UTy)

measured with such a nanosecond SPC experiment, as will be (3)
further discussed below. The decay time of 3.68 ns reported by i;(ICT) = A,; exp(—t/t)) + A,, exp(—t/t,) + Ay exp(—t/ty)
Chattopadhyay et al. for DMABN ip-dioxane in fact represents (4)

the ICT lifetime, 7, (see above), and is not equal to the LE
fluorescence decay time,g,® which means that information ~ LE decay (Figure 3b), a single exponential is not obtained
on the sum of the rate constant of the nonradiative processedecause two decay times (254 ps and 1.20 ns) are required,
(knr) cannot be obtained. different from what is found for DMABN in negt-dioxane!®

A global analysis of the LE and ICT nanosecond (40.6 ps/ as discussed above. This shows that Scheme 1 does not give a
channel) fluorescence decays of DMABN in neadioxane at correct description of the DMABN photophysicsprdioxane/
25°C is shown in Figure 2a. At this time resolution, the decays water (90/10)° With DMABN in p-dioxane/water (50/50%
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b LE Figure 3. LE and ICT picosecond fluorescence response functions of
' Mm 4-(dimethylamino)benzonitrile (DMABN) ip-dioxane/water (90/10)
at 25°C: (a) triple-exponential fits from a global analysis of the LE

and ICT decays; (b) ICT decay curve deconvoluted with LE decay (LI
= LE/ICT), see text. The decay timesf»,71) and their preexponential

Tylns] 0192 2 factors A andAy) are given (egs 3 and 4). The decay times are listed
7 AyLI) 208 116 in the orderrs, 72, 71. Excitation wavelength is 276 nm. Emission
! ’ wavelength is 340 nm for LE and 500 nm for ICT. See the caption of
Figure 2.

TABLE 2: Picosecond LE Fluorescence Decay Timeg;,
and Amplitude Ratios, A;3/A11 and A12/A1; (egs 1 and 3), for
DMABN in p-Dioxane and Two p-Dioxane/Water Mixtures
(90/10 and 50/50) at 25C

solvent composition
(p-dioxane/water) t3[ps] 72[ps] ti[ns] AwAun AdAu

KILOCOUNTS

100/G* 25 3.88 4.36
90/1C 11 256 3.41 120 1.43
50/50¢ 3 413 1.30 262 1.14

a2 Data from ref 4 Data from Figure 3at From a fit of the LE decay
with four exponentials. The fourth decay time of 36 ps, with a
contribution of 2.9% to the total LE fluorescence decay curve, is not
Figure 2. LE and ICT nanosecond fluorescence response functions listed. For comparison, the decay tinecontributes 30% to the decay,
of 4-(dimethylamino)benzonitrile (DMABN) ip-dioxane at 25C. In see text (eq 3).
panels a and b, double- and single-exponential fits, the LE and ICT
decay curves are analyzed simultaneously (global analysis). In paneltriple-exponential LE and ICT decays are also observed, with
¢, the ICT decay curve is deconvoluted with the LE decay=LLE/ a main shortest decay time, of 3 ps for the LE emission, see
ICT), see text. The decay times (1) and their preexponential factors,  T5ple 2.

Ay and Ay, are given (eqgs 1 and 2). The shortest decay titpeis
listed first. The weighted deviations, expresseditexpected devia- The nanosecond (40.6 ps/channel) LE and ICT fluorescence

tions), the autocorrelation functions—C, and the values foy? are decays of DMABN inp-dioxane/water (90/10) can likewise not

also indicated. Excitation wavelength is 297 nm. Emission wavelength adequately be fitted with a single exponential, whereas a good
is 355 nm for LE and 436 nm for ICT. fit is obtained with two exponentials: 73 ps and 3.19 ns (Figure
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DMABN in p-dioxane/water (90/10) at 25°C interpretation of the fluorescence-quenching mechanism of
DACET in the p-dioxane/water mixtures.

Simulated Fluorescence Decay#s further clarification of
Tlns] 0073 319 the discussion in the previous sections, simulated fluorescence
Au(LE) 1428 61 129 decays, based on the decay time} &nd amplitudesA; (eqs
Ax(CT) 76 1L7 110 1-4)) listed in Table 2 of DMABN inp-dioxané and in
p-dioxane/water (90/10) as shown in Figure 3a, are depicted in
Figure 5. In this simulation, an experimental nanosecond pulse
< (Figure 2a) from an SPC experiment with 40.6 ps/channel is
w LE employed. In Figure 5a, the picosecond data,(25 ps), 71
(3.88 ns), and\;2/A11 (4.3), for DMABN in p-dioxane are used
to simulate the LE and ICT decays. A global analysis of these
synthetic curves results in the times and amplitudes listed in
e S e Figure 5a: 12 ps and 3.88 ns with/A;; = 6.7. A single-
exponential global analysis does not lead to a good fit, similar

< or to what was found with the experimental nanosecond decay
5 curves (Figure 2b). It is seen that the LE and ICT decays are
a Wwwﬁmww}wﬂww practically superimposed.

The data used for simulating the LE and ICT nanosecond

decays in Figure 5b are those obtained in the picosecond
) experiment for DMABN inp-dioxane/water (90/10) depicted
Tilns] 136 x in Figure 3a (Table 2). A global analysis with two exponentials,
AL 335 106 34 ps and 3.40 ns, results in a good fit, see Figure 5b. The
general pattern of the simulated LE and ICT decay curves
resembles that of the experimental nanosecond curves shown
in Figure 4a.

In Figure 5c, nanosecond LE and ICT decay curves are
simulated assuming a single-exponential LE decay with
255 ps, see Figure 3a, and a double exponential ICT decay with
255 ps ¢2), 3.19 ns 1), andAx/Ax; = —1, see Figure 4a. A
global analysis with two exponentials (Figure 5c) practically
200 | 400 600 300 recovers the input data: 253 ps and 3.18 ns wWithAx; =
CHANNEL —1, not unexpected in view of the much larger valuefpof
more than six channels than in the case of Figure 5a,b. From a

i comparison of Figure 5c with the experimental nanosecond

MWWWWM L decays in Figure 4a, it is clear that the LE fluorescence decay

. . of DMABN in p-dioxane/water (90/10) is not single-exponential
Figure 4. LE and ICT nanosecond fluorescence response functions _ . . : ;
ofg4-(dimethylamino)benzonitrile (DMABN) irp-dioxanglwater (90/ with a decay time arounq 200 ps as reported in ref 1 (Figure
10) at 25°C: (a) double-exponential fits. The LE and ICT decays are 2C) but corresponds to Figure 5b.
analyzed simultaneously (global analysis). Panel b shows the ICT decay DACET in p-Dioxane/Water Mixtures. The fluorescence
deconvoluted with LE decay (L% LE/ICT), see text. The decay times  quantum yield of DACET irp-dioxane at 25C (0.20) decreases
(ng%)a"%éhegoftfetxgggaemt'.a' fa‘?tolf.at“egr;_‘iAtZi)sif t%'(‘e’ir; (‘Egi é . upon introduction of water: to 0.11 and 0.02 in fhelioxane/
an . S S | , IS IS Irst. | . P
Figure 2. Excitation Wavel)éngt}?is 297 nm. Emission Wavre):length is water mlxture§ (90/10) and (50/50)’. see Table 1, similar to what
359 nm for LE and 482 nm for ICT. was reported in ref 1. For DACET ip-dioxane/water (90/10),

the fluorescence decay is single-exponential, with 1.75 ns

4a). A global analysis (not shown) of the LE and ICT decays (Figure 6a). The picosecond fluorescence decay of DACET in
with three exponentials and fixed shortest (11 ps, see Figurep-dioxane/water (50/50) at 2% is depicted in Figure 6b. The
3a) and longest (3.19 ns, see Figure 4a) decay times leads to alecay is double-exponential with the decay times of 63 and 389
middle decay time of 124 7 ps. This subnanosecond decay ps and relative contributiongy;, of 0.035 and 0.965, respec-
time, to be compared with 256 15 ps from the picosecond tively, see eq 1. The corresponding nanosecond fluorescence
experiment (Figure 3a), is obviously expected to be of limited decay (Figure 6c) is single-exponential: 486 ps, showing that
accuracy’? When the ICT decay is deconvoluted with the LE the decay of 2.48 ns appearing in the picosecond fluorescence
decay, a single exponential is obtained (1.36 ns), similar to the decay (Figure 6a) is due to a photoproduct produced by the
main decay time of 1.20 ns found from the picosecond decays laser excitation and is absent under low-intensity irradiation with
(Figure 3b). a nanosecond flash lamp. These decay times should be compared

These results make it likely that the time of 200 ps reported with the single decay timeg g, of 460 ps reported in ref 1.
by Chattopadhyay et dlcorresponds to our middle time of 256  From the fact that in the (50/50) solvent mixture the fluorescence
ps (Figure 3a), the main (relative contributioly = Aqita/ decay has become double-exponential (Table 3), it may be
(> A4t) = 0.66) decay time of 3.19 ns (Figure 4a) was concluded that two emitting excited states are present. The
apparently not noticed and ignored in the discussion of ref 1. It reason for the appearance of the additional decay time in the
hence becomes clear that the data listed there for the ratepresence of water may be similar to that for the presence of the
constants kyr, of DMABN are not related to the possible middle exponential in the fluorescence decays of DMABN in
nonradiative processes (ISC, IC, and ICT) of DMABN. These p-dioxane/water mixtures (Figure 3a and Table 2), for which a
data can consequently also not be employed as a support in thehird excited-state species may likewise be responsible. The
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Figure 5. Simulated LE and ICT fluorescence response functions (see
text) based on experimental data (i, and Az, eqs 1-4) obtained

for 4-(dimethylamino)benzonitrile (DMABN) at 25C:

p-dioxane (input data= 0.025 ns t2), 3.88 ns €1), Ac/A11 = 4.36,
from ref 4); (b) p-dioxane/water (90/10) (input data 0.011 ns t3),
0.256 ns t2), 3.41 ns t1), AidAir = 120, Ai/Ar = 84, taken from
Figure 3a); (c) single-exponential LE decay (ref 1) (input dat@.255
ns (r2) for LE, 0.255 ns ¢), and 3.19 ns1, Figure 4a), for ICT). See

the caption of Figure 2.
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Figure 6. LE fluorescence response functions of 4-(dimethylamino)-
phenylacetylene (DACET) at Z%&: (a) single-exponential picosecond
decay curve inp-dioxane/water (90/10); (b) triple-exponential pico-
second decay curve mdioxane/water (50/50); (c) single-exponential
nanosecond fit ip-dioxane/water (50/50). Excitation wavelengths are
(a,b) 276 nm and (c) 297 nm. Emission wavelengths are 360 nm (a)
and 366 nm (b,c). See the caption of Figure 2.
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TABLE 3: Picosecond and Nanosecond LE Fluorescence
Decay Times,r;, and Amplitude Ratio, A;/A1; (eq 1), for
DACET and NMCQ in p-Dioxane and Two p-Dioxane/Water
Mixtures (90/10 and 50/50) at 25°C

solvent composition

(p-dioxane/water)  w2[ps] n[ns]  AwdAn
DACET 100/ 3.62
90/10¢ 1.75

50/50 63 0.389 0.23
NMCQ 100/G 3.17
90/10 1.94

50/50¢ 61 0.197 0.28

aFrom nanosecond decayFrom picosecond decaySee Figure
6a.9 See Figure 6b. The longest decay time (2.48 ns) is attributed to
an impurity, see text and Figure 6tSee Figure 7a.

nature of such a species, possibly an association complex,
LE(H20), between LE and water, will be discussed elsewfere.

NMCQ in p-Dioxane/Water Mixtures. In this connection,
it is of interest that a drastic shortening of the fluorescence
lifetime in p-dioxane/water mixtures as compared wtdioxane
also occurs for NMCQ, see Figure For NMCQ inp-dioxane
and p-dioxane/water (90/10) at 23C, a single-exponential
fluorescence decay of, respectively, 3.17 and 1.94 ns is found.
In a (51/49) p-dioxane/water mixture, however, a double-
exponential decay (61 and 197 ps) is obtained withvalues
of 0.080 and 0.920 (Figure 7a and Table 3). A good single-
exponential fit of this decay curve is not obtained (Figure 7b),
whereas a nanosecond SPC experiment results in a decay time
of 170 ps (Figure 7c). The fluorescence quantum yield
undergoes a corresponding decrease from Qoafigxane) to
0.022 (51/49), by a factor of 13, as mentioned in a previous
section. In both media, the fluorescence spectrum consists of a
single band without any evidence for dual fluorescence, that is,
for an ICT reaction.

When ICT just starts to occur, which can a priori not be
excluded for DACET in media more polar than acetonitrile such
as p-dioxane/water mixtures (60/40) and larger, only a small
decrease inbs will result because initially the conditioky >
1/75 holds#2% Note that the effective stabilization of the ICT
state AH) becomes only slightly larger when the solvent
polarity increases from, for example= 26 (p-dioxane/water
(60/40)) toe = 61 (p-dioxane/water (20/80%25

When discussing the polarity pfdioxane/water mixtures on
the basis oEr(30) values, it should be noted that these values
are substantially different for protic and aprotic solvents of the
same effective polarit§®-2” complicating a meaningful com-
parison of results in these two classes of solvents. In addition,
the possibility should be taken into account that more water
molecules are located around DACET than would be deduced
from the bulk solvent composition (preferential solvation).

For NMCQ, neither dual fluorescence nor the occurrence of
an ICT reaction has been found under any condition of solvent
polarity or temperatur&20The finding that the fluorescence of
NMCQ is strongly quenched upon adding waterptdioxane
therefore supports our interpretation that the relatively small
shortening of the fluorescence decay time of DACET in
acetonitrilé as well as the substantial reduction of the decay
time in p-dioxane/water mixtures cannot be attributed to an ICT

reaction. It also removes the necessity to introduce a nonemis-c:
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NMCQ in p-dioxane /water (50/50) at 25°C
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Figure 7. LE fluorescence response functions of 1-methyl-6-cyano-
1,2,3,4-tetrahydroquinoline (NMCQ) iprdioxane/water (90/10) at 25
(a) double-exponential picosecond decay curve; (b) single-

sive or fully quenched ICT state as a reaction intermediate. The exponential picosecond fit; (c) single-exponential nanosecond fit.
elucidation of the detailed nature of these fluorescence-quench-Excitation wavelengths are (a,b) 276 nm and (c) 316 nm. Emission

ing mechanisms has to await further investigafio?
Nonfluorescent and Nonfluorescing States. Fully Quenched

wavelengths are 363 nm (a,b) and (c) 365 nm. See the caption of Figure
2.

ICT State. In the case of a nonfluorescent or nonemissive ICT to zero, or at least the inequaliky < ki should hold (Scheme

state, the radiative rate constakitshould be effectively equal

1). The authors of ref 1 apparently discuss the occurrence of a



6332 J. Phys. Chem. A, Vol. 106, No. 26, 2002 Zachariasse et al.

nonfluorescingICT state, which in practice means that its In the p-dioxane/water mixture (60/4@)luorescence quench-
emission cannot be detected in the fluorescence spectrum ofing of DACET by Etl does practically not occur because the
the LE state. To avoid confusion, it may be better to use unquenched fluorescence decay time (658 isgpo short, even
the termfully quenchedCT state. It is not unreasonable to  with ky= 3.2 x 10'2L mol~'s™1. These quenching experiments
assume that the ICT fluorescence is fully quenched when with Etl therefore do not provide evidence for or against the
®'(ICT)/P(LE) (eq 5) is smaller than 0.0001, which can only involvement of ISC in the fluorescence quenching of DACET

and do not show that ICT is the nonradiative pathway.
D'(ICT)/P(LE) = kilk{ k/(ky + 1/73)} (5) _
Conclusion

be achieved when 4(qg) has a value of at least 10s1.28 The There is no experimental evidence or photophysical argument
same conclusion is reached from the similar experimental that ICT occurs with DACET imp-dioxane/water mixtures or
requirement®’(ICT) < 0.0001 (eq 6), which likewise should other polar solvents. On the contrary, a comparison with
NMCQ?® and other parsubstitutedN,N-dimethylanilined4+”
(6) indicates that such an ICT reaction is not likely. The postulated
fully quenched ICT state in the case of DACET is hence in

hold for a fully quenched ICT stafé.It is therefore highly ~ conflict with Occam'’s razof? the principle not to use more
unlikely that, as suggested in ref 1, the quenching of DACET entities in a scientific analysis than those sufficient for an
is caused by efficient ISC, for which rate constants with values adequate description of the experimental facts. A comparison
between 1®and 16 s* have been observed for aromatic amines ©Of picosecond and nanosecond SPC experiments shows that
such as DMABN and related aminobenzonitrités. short picosecond decay times, such as those of DMABN in
The references quoted in ref 1 in connection with nonemissive P-dioxane and its mixtures with water, cannot accurately be
ICT states are not for molecules structurally related to DACET determined with nanosecond measurements. Such data can
but refer to coumarines and rhodamisesjthough no experi-  therefore not be used as supporting evidence in investigations
mental evidence for such elusive states is provided there andof the photophysics of DACET. It had already been establiShed

O'(ICT) = KA 1/, + L (kg + L)k}

the occurrence of ICT itself is under debate in the rhodanthes.
Energy Gap Dependence of ISC and IC Deactivation

Channels. It is claimed that the strong solvent polarity

dependence okyr for DACET cannot be due to IC or ISC

because of the weak polarity dependence of its relatively large

energy gap between; &nd lower triplet states orgSlt has,
however, been shown that efficient IC can take place for
aromatic amines with an1SSy energy gap similar to that of
DACET (31 030 cmt in n-hexané).’®29With respect to ISC,

it should be noted that the polarity dependence of thetate

that fluorescence quenching of DACET in polar solvents is not
a more efficient process than that for DMABN, as had been
concluded from CASSCF calculatiohs!* In this respect, no
controversy remains.
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