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Chapterr  6 

Femtosecondd Fluorescence Studies of Two-dimensional Dynamics 

inn Photoexcited Michler' s Ketones 

Abstract t 

Femtosecondd fluorescence upconversion experiments are reported for two 

diphenyll  ketone dye molecules, the unbridged Michler's ketone [4,4'-bis(7V,JV-

dimethylamino)-benzophenone]]  and its bridged derivative compound 3,6-

bis(dimethylamino)-10,10-dimethylanthronee (BMK). For Michler's ketone (MK), in 

alcoholicc solution, anomalously fast dynamic Stokes shifts and fluorescence decay 

transientss are observed. It is discussed that phenyl-group twisting as well as solvation 

determinee the excited-state relaxation dynamics of MK. In the case of BMK, twisting is 

absentt and the excited-state dynamics is determined solely by (fast) initial solvation 

followedd by population decay to the ground state. 
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6.11 Introductio n 

Fluorescentt di- and triphenylmethane dye molecules have received considerable 

attention,, in part because of their widespread applications as laser dyes [1] or as 

fluorescentt probes in investigations of the structure and function of proteins [2] or 

physicall  aging of polymers [3]. Much the work has focused on the drastic influence of the 

viscosityy of the solvent on the fluorescence quantum yield of the chromophores: in a 

highlyy viscous solvent the quantum yield is high, in a low-viscosity solvent the 

fluorescencee is weak [4 - 9]. It has long been recognized that twisting of the phenyl rings 

off  the dye molecules about the bonds to the central carbon atom is crucial i.e., if the 

solventt viscosity allows for more phenyl-group mobility the fluorescence is weakened [4, 

5]. . 

Severall  approaches have been considered to explain the influence of twisting on 

thee fluorescence quantum yield. In early work it was proposed that the major effect of the 

torsionall  motions of the phenyl groups is to enhance radiation/ess decay from the 

electronicc excited state to the ground state [4, 5, 10, 11]. However, in the case of the 

diphenylmethanee cationic dye, auramine, recent fluorescence upconversion and transient 

absorptionn results showed that for this species in solution the radiative rather than the 

non-radiativee character of the electronically excited state is affected by the reorientational 

motionss of the molecular phenyl rings [12 - 14]. 

Inn this paper, we investigate the short-time fluorescence behavior of two structural 

analogss of auramine, namely Michler's ketone (MK, Figure 6.1) [4,4'-bis(A ,̂Ar-

dimethylamino)-benzophenone]]  and its bridged derivative compound 3,6-

bis(dimethylamino)-10,10-dimethylanthronee (BMK, Figure 6.1). The photophysics and 
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thee photochemistry of MK are strongly solvent dependent because of closely lying lowest 

excitedd singlet and triplet rot , nrc and charge transfer states [15 - 19]. Recent 

solvatochromicc shift studies of MK in polar and apolar solvents showed that the 

fluorescentt S] state in cyclohexane and benzene has ror character, but that in more polar 

solventss (acetonitrile, DMSO, and methanol) charge transfer character is more important 

[20].. From fluorescence anisotropy measurements of MK in ethanol, an Si state with a 

lifetimee shorter than the typical rotational diffusion time of the solute was suggested [17]. 

Inn acetonitrile the lifetime of the Si state has been reported to be 640 ps [19]. Recently, 

Singhh et al. reported laser flash photolysis experiments of MK in apolar and polar 

solventss in the (sub)picosecond time domain [20], For MK in methanol distinct transient 

absorptionn spectra were obtained at 1 ps and 50 ps, indicative of different stages of 

solvationn although no kinetics could be resolved. Previously, it has been pointed out that 

MKK and BMK exhibit completely different solvatochromic behavior [21]. The much 

higherr solvatochromic slope for MK in aprotic polar solvents, as compared to BMK, 

showss that MK can reach, by intramolecular excited state relaxation, an emitting 

conformationn with a strongly enhanced dipole moment. This relaxation is blocked in 

BMK. . 

Heree we present results of femtosecond fluorescence upconversion and 

picosecondd time-correlated single photon counting fluorescence experiments of MK and 

BMKK in polar protic and aprotic solvents. The emphasis is on the specific role of flexible 

functionall  groups in the molecule in the fast dynamics of the excited Si state. For MK in 

alcoholicc solutions we show that the main features are quite analogous to those of 

auramine,, i.e., a dynamic Stokes shift on a (sub)picosecond time scale occurs 
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concomitantt with a drastic decrease in the total integrated fluorescence intensity. By 

contrast,, for the blocked ketone (BMK) only a dynamic Stokes shift is measured and a 

simultaneouss rapid decay of the total fluorescence intensity is lacking. Based on the 

dynamicss of photoexcited MK in different solvents it is suggested that dynamic 

intramolecularr conformational and solvation coordinates determine the excited Si-state 

dynamics,, whereas for BMK only solvation is responsible for the picosecond 

fluorescencee transient effects. The results for MK are related to recent theoretical work 

byy Hynes et al., in which the combined role of twisting and solvation is considered [22-

24]. . 

6.22 Experimental 

Michler'ss ketone was purchased from Aldrich and used without further 

purification.. 3,6-bis(dimethylamino)-10,10-dimethylanthrone (BMK) was prepared by 

thee method of Aaron and Barker [25]. The solvents methanol, ethanol, 1-propanol, 

decanol,, acetonitrile and dimethylformamide (DMF) are of spectrophotometric grade 

(Aldrich).. The measurements were performed using solutions of MK and BMK at a 

concentrationn of 10"4 M. 

Femtosecondd fluorescence upconversion transients were measured by means of 

thee set-up described previously [26], The system response time as measured from the 

cross-correlationn signal of the excitation and gating pulses at 360 nm and 800 nm, was 

estimatedd to be approximately 150 fs (FWHM). Excitation wavelength was at 360 nm, 

upconversionn transients were detected from 412 nm upto 625 nm. To remove 

contributionss from rotational reorientation motions of the solute molecules, 
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measurementss were performed under magic angle conditions (with the laser-excitation 

polarizationn at an angle of 54.7° relative to the vertically polarized gating beam). For the 

measurementt of the fluorescence transients in the later time span from 15 ps to 5 ns, a 

secondd laser system, outfitted with a time-correlated single-photon-counting (TCSPC) 

detectionn system, was used [27], In these experiments the instrument response was about 

166 ps (FWHM). Here too the fluorescence transients were measured under magic angle 

conditions.. Steady-state absorption spectra were recorded by means of a conventional 

spectrophotometerr (Shimadzu, UV-240). Steady-state fluorescence spectra were 

measuredd using the emission spectrometer described before [28]. The emission spectra 

weree corrected for the wavelength-dependent sensitivity of the monochromator-

photomultiplierr detection system. All experiments were performed at room temperature. 

6.33 Results 

6.3.16.3.1 Michler's ketone 

Figuree 6.1 displays the steady-state absorption and fluorescence spectra for MK 

dissolvedd in the solvents methanol and acetonitrile. The spectra are consistent with those 

reportedd elsewhere [19-21]. The absorption spectrum shows two main bands: the more 

intensee band is centered at 360 nm when the solvent is protic (350 nm in an aprotic 

solvent)) and the weaker band is near 310 nm. The band at 360 nm has been assigned as a 

nn*nn* transition, the band at 310 nm has been attributed to an nrc*  transition [15]. The 

fluorescencee spectrum of MK in acetonitrile and in alcoholic solution consists of a 

structurelesss broad band (as in the case of auramine [12-14]) with a solvent dependent 
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bandd maximum and band shape. The fluorescence band maximum for MK in methanol is 

att 440 nm and in acetonitrile at 530 nm. 

Wavelengthh [nm] Wavelength [nm] 
3000 400 500 700 300 400 500 700 

11 1 __ 1 1 . . i 1 _

1 - ,, . 1 , 1 . , . , r> ! I  ' I  ' 1 I 

350000 30000 25000 20000 15000 35000 30000 25000 20000 15000 

Wavenumberr [cm ] Wavenumber [cm ] 

FigureFigure 6.1: Steady-state absorption and fluorescence spectra of Michler's ketone (left) 

andand blocked Michler 's ketone (right) in methanol (straight line) and acetonitrile (dotted 

line).line). Structures of Michler's ketone and blocked Michler's ketone are given as inserts. 

Fluorescencee upconversion transients were obtained for MK in the protic solvents 

methanol,, ethanol and decanol, and the aprotic solvents acetonitrile and DMF. The 

transientss were measured at different detection wavelengths within the fluorescence band, 

thee pump pulse being at 360 nm. Each transient could be fitted with a multi-exponential 

functionn convoluted with the system response function. Representative results are given 

inn Figure 6.2. 
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FigureFigure 6.2: Fluorescence upconversion transients of Michler's ketone in methanol (a), 

ethanolethanol (b), decanol (c), DMF (d) and of blocked Michler's ketone in ethanol (e) and 

DMFDMF (f). Drawn curves represent best-fit convoluted multiexponential functions. 

DetectionDetection wavelengths are indicated, (a) includes the instrument response function. 
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Thee figure includes the cross-correlation signal between the excitation- and gating 

pulsess from which the instrument response time {150 fs) was determined. The transients 

forr MK in acetonitrile were similar to those of MK in DMF and therefore are not 

incorporatedd into the Figure. Best-fit parameters for a few typical detection wavelengths 

aree collected in Table 6.1. For detection wavelengths below 450 nm, the rise times were 

tooo short to be determined reliably with our experimental set-up and thus cannot be 

given. . 

Time-resolvedd fluorescence spectra were computed applying the spectral 

reconstructionn procedure [12, 13]. Figure 6.3 illustrates the resulting data points for MK 

inn various protic solvents. The solid curves are representative of best-fit curves to log-

normall  line shape functions [13]. The temporal behavior of the fluorescence spectrum of 

MKK in alcoholic solution is characterized as follows. Firstly, the maximum of the 

emissionn band shows a dynamic Stokes shift to lower energies on a (sub)picosecond time 

scale.. (After about 5 ps, the emission band maximum for MK in methanol and ethanol is 

evenn red-shifted with respect to the band maximum of the steady-state fluorescence 

spectrumm (Figure 6.3a and b)). Secondly, the dynamics of the Stokes shift is slower in the 

orderr methanol, ethanol and decanol. Thirdly, concomitant with the dynamic Stokes shift, 

thee total integrated emission intensity is decreased. 

Inn the aprotic solvents acetonitrile and DMF, the kinetics of the MK fluorescence 

transientss is also characteristic of a dynamic Stokes shift. Fitting the transient at each 

detectionn wavelength to a multiexponential yielded the parameters listed in Table 6.1. 
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TableTable 6.1: Best-fit values of the time constants and, in parentheses, their pre-exponential 

factorsfactors of the multi-exponential fit functions ofthefemto- and picosecond fluorescence 

transientstransients ofMichler 's ketone in methanol, ethanol, decanol, acetonitrile and DMF at 

roomroom temperature. 

Methanol l 

Ethanol l 

Decanol l 

Acetonitrile e 

Dimethylformamide e 

X X 
(nm) ) 

412 2 
468 8 
548 8 
622 2 
405 5 
468 8 
548 8 
608 8 
400 0 
500 0 
600 0 

410 0 
493 3 
550 0 
640 0 
415 5 
493 3 
550 0 
622 2 

Tl l 

(ps) ) 

0.1800 (-0.9)a 

0.2600 (-0.9)a 

0.3022 (-0.9)a 

0.1700 (-1.0)a 

0.2500 (-1.0)a 

0.6800 (-0.5)a 

18(0.9) ) 
611 (0.6) 
700 (-0.2)a 

0.1100 (-0.9)a 

0.1900 (-1.0)a 

0.3500 (-0.7)a 

0.1900 (-0.9)a 

0.3500 (-0.9)a 

0.5200 (-1.0)a 

T2 2 

(ps) ) 

0.500 (0.8) 
1.10(0.8) ) 
2.15(0.6) ) 
2.15(0.5) ) 
1.0(0.7) ) 
1.5(0.6) ) 
8.77 (0.6) 
2.77 (-.4)a 

67(0.1) ) 
2622 (0.4) 
333(1.0) ) 

0.57(1.0) ) 
1.0(0.9) ) 
1.5(0.7) ) 
2.66 (0.4) 
1.7(1.0) ) 
2.77 (0.9) 
4.77 (0.7) 
5.55 (0.5) 

T3 3 

(ps) ) 

2.00 (0.2) 
5.00 (0.2) 
11.0(0.4) ) 
11.0(0.5) ) 
5.00 (0.3) 
8.00 (0.4) 
400 (0.4) 
50(1.0) ) 

800(0.1) ) 
8000 (0.3) 
8000 (0.6) 

800(0.1) ) 
8000 (0.3) 
8000 (0.5) 

aReferss to rise components; positive pre-exponential factors refer to decay, their 

summ is normalized to 1. 

97 7 



ChapterChapter 6 

250000 20000 ' 15000 25000 20000 15000 

Wavenumberr [ cm"1 ] Wavenumber [ cm"l ] 

FigureFigure 6.3: Temporal dependence of reconstructed emission spectra of Michler's ketone 

inin methanol (a), ethanol (b) and decanol (c); the same for blocked Michler 's ketone in 

ethanolethanol (d). Symbols in (a) and (b) have same meaning. Drawn curves represent best fits 

ofof the experimental data points to log-normal line shape function. The dotted curve in (a) 

displaysdisplays the steady-state emission of MK. The intensity scale of the dotted curve is not 

relatedrelated to that of the time-dependent spectra. Insert in (b): dots represent integrated 

intensity,intensity, I(t), versus the first moment of the reconstructed emission spectra of Michler's 

ketoneketone in ethanol. The dashed line shows as a guide to the eye a v3-dependence. 
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Thee reconstructed emission spectra for MK in DMF at various delay times were 

obtainedd as before. Phenomenologically the behavior appeared as for the BMK/ethanol 

solutionn (vide infra): the dynamic Stokes shift is accompanied by a decrease in the total 

emissionn intensity. However, after about 50 ps the Stokes shift is finished and a residual 

emissionn is observed. This residual component decays with a time of 800 ps typical of the 

lifetimee of the relaxed excited state of MK. 

Thee time dependence of the first moment of the reconstructed emission bands in 

proticc and aprotic solvents (Figure 6.4) is illustrative of the dynamics of the Stokes shift. 

Comparisonn of the protic and aprotic results reveals a few differences. Firstly, the 

dynamicc Stokes shift for MK in DMF is faster than in alcoholic solution. (For MK in 

acetonitrilee the dynamic Stokes shift is much larger than 5 kK and hence immediately 

afterr the pulsed excitation the emission band maximum is shifted below 400 nm. Since in 

ourr fluorescence upconversion experiments only emission at a wavelength higher than 

4000 nm can be reliably detected, we cannot experimentally completely follow for 

MK/acetonitrilee the temporal shift of the emission band maximum). Secondly, in addition 

too the fast dynamics of the initial Stokes shift, in aprotic solvents the fluorescence of MK 

displayss a long decay component (~ 800 ps) that is absent for MK in a protic solvent. In 

methanoll  and ethanol solution, for instance, the MK fluorescence has disappeared in our 

upconversionn measurements after about 20 ps. 
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FigureFigure 6.4: Time dependence of first moment of the emission band of Michler's ketone 

(a)(a) and blocked Michler 's ketone (b) in methanol (square), ethanol (circle), decanol 

(triangle)(triangle) and DMF (diamond). Drawn lines show best fits to bi-exponential functions. 
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6.3.26.3.2 Blocked Michler's ketone 

Ass illustrated in Figure 6.1, the absorption spectrum of BMK is similar to that of 

MK.. Two absorption bands with maxima near 380 nm and 325 nm are observed. In 

emissionn we find that the Stokes shift (taken as the energy difference between the 

maximaa of the absorption and emission bands in the steady-state spectra) for BMK in 

alcoholicc solution is 6000 cm"1 and in acetonitrile (or DMF) it is only about 3500 cm" . 

Notee that for MK a much larger value for the Stokes shift in acetonitrile is found (> 8000 

cm"1).. It is recalled that for MK in aprotic polar solvents, as compared to BMK, a 

stronglyy enhanced dipole moment in the relaxed excited state has been found [21]. 

Consequently,, in polar solvents, the Stokes shift for MK is expected to be significantly 

largerr than for BMK. 

Typicall  fluorescence upconversion transients of BMK, dissolved in ethanol and 

DMF,, are shown in Figure 6.2e and f, respectively. The fluorescence transients fit a bi-

exponentiall  function convoluted with the system response. From the fitted fluorescence 

transientss of BMK, as for the unbridged MK, the time-resolved fluorescence spectra 

couldd be obtained by applying spectral reconstruction. The resulting point-by-point 

spectraa for BMK in ethanol are given in Figure 6.3d. The point spectra could be fitted to 

aa log-normal line shape (solid curves in the figure). As illustrated in Figure 6.4, the band 

maximumm shows a dynamic Stokes shift on a picosecond time scale. However, in contrast 

withh the results obtained for MK, the time dependence of the decay of the total integrated 

fluorescencee intensity of the blocked ketone does not follow that of the dynamic Stokes 

shift.. From the decay of the integrated fluorescence intensity, the lifetime of the emissive 

statee of BMK is determined as 2.1 ns. 
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6.44 Discussion 

AA main result of the time-dependence of the fluorescence of MK in protic solution 

iss the similar dynamics for the Stokes shift and the integrated fluorescence intensity 

decay.. Both observables appear sensitive to the viscosity of the solvent (compare for 

examplee the dynamics of the Stokes shift for MK in methanol, ethanol and decanol 

(Figuree 6.3 a-c, Table 6.2)). Several possible explanations may be mentioned for the 

picosecondd dynamic Stokes shift. Firstly, it could result from solvation i.e., the dynamic 

responsee of the environment to the optical excitation of the chromophore. Solvation 

dynamicss usually occurs on a time scale ranging from -50 fs to several hundreds of 

picosecondss [29]. If, however, solvation is responsible for the dynamic Stokes shift of 

MK,, a concomitant decay in the fluorescence intensity is not expected since the nature of 

thee emissive electronic state is generally not affected by the reorientational motions of the 

solventt molecules, unless of course the lifetime of the emissive state is coincidentally of 

thee order of the characteristic time of the Stokes shift. To examine this latter possibility, 

wee plot as an insert in Figure 6.3b the integrated emission intensity of the time-dependent 

reconstructedd emission spectra against the frequency (in cm'1) of the optical transition for 

MKK dissolved in ethanol. The data points certainly do not follow the v3-dependence that 

iss expected according to Einstein's relation for spontaneous emission. Similar results 

weree obtained for MK in the other alcoholic solvents. We conclude that the MK 

fluorescencee does not have a single and constant decay time as MK develops to its 

relaxedd excited state following pulsed excitation. A "normal" solvation process in which 

onlyy a dynamic Stokes shift is observed and in which the total integrated fluorescence 

intensityy remains unaffected (apart from the v dependence), apparently does not apply in 
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thee case of MK. It is concluded that the dynamic Stokes shift observed for MK is not only 

determinedd by the solvation dynamics of the chromophore. 

Wee now consider the possibility that the ps dynamic Stokes shift of MK in 

alcoholicc solution is caused by (intramolecular) reorientational motions of the phenyl 

groupss within the MK molecule. We follow the model previously proposed for the analog 

dyee molecule, namely auramine [13]. For the latter molecule, the similar dynamics of the 

dynamicc Stokes shift and the decay of the integrated fluorescence intensity could be 

explainedd assuming that intramolecular twisting of the phenyl groups of auramine effects 

ann adiabatic electronic relaxation along a (quasi-) barrierless excited-state potential 

energyy surface. The electronic wave function corresponding to this potential energy 

surfacee is considered to be a twist-angle dependent mixture of two diabatic states, one of 

thesee being an emissive locally excited state and the other one a geometrically relaxed 

weakly-- or non-emissive state. Thus, as relaxation along the potential energy surface 

takess place, the nature of the electronic wave function varies from radiative to 

nonradiative.. Adopting a similar picture for the excited-state dynamics of MK, it follows 

thatt the dynamic Stokes shift and the total fluorescence intensity show similar dynamics, 

thiss dynamics being controlled by twisting and solvent relaxation processes. We remark 

inn passing that with the two-state coupling model the sensitivity of the fluorescence 

quantumm yield towards the solvent viscosity [19] may also be qualitatively understood. 

Thee alternative that the enhanced decay of the fluorescence of MK is due to 

wowradiativee decay should also be considered. Formally, the enhanced radiationless decay 

cann be taken into account by including a twisting angle dependent sink function term 

[10,11].. By necessity, the sink function approach predicts that the excited-state lifetime is 
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twistt angle dependent and in fact is shortest in the relaxed excited state. This, however, 

turnedd out not to be the case for auramine [12 - 14]. For MK, in methanol or ethanol, a 

lifetimee of the relaxed excited state could not be measured because the fluorescence has 

alreadyy decayed below the detection limit of the upconversion setup before the dynamic 

Stokess shift has come to an end (Figure 6.4). Nevertheless, we also find that in the case of 

MKK the sink function approach is not applicable. To see this, we consider the decay part 

off  the fluorescence transients of MK as detected for X > 600 nm. These decays are 

representativee of the lifetime of the twisted conformation emitting at the chosen detection 

wavelength.. It turns out that this lifetime becomes longer as the detection is more to the 

redd side of the emission band. This behavior is contrary to what is expected in the sink 

functionn approach. We conclude for MK, similar to auramine, that twisting of the phenyl 

groupss principally affects the radiative character of the excited electronic state and that 

thiss in turn is of dominant influence both on the dynamics of the Stokes shift and the 

fluorescencee intensity decay. 

Forr the bridged compound BMK the time dependence of the fluorescence is quite 

different.. Now the dynamics of the Stokes shift and the fluorescence intensity decay 

occurr on different time scales (Table 6.2). Due to the bridging of the phenyl groups, 

twistingg motions of the latter are blocked and thus such motions can be excluded in 

consideringg the fast dynamic Stokes shift. On the other hand, the dynamic Stokes shift is 

solventt dependent and thus may be due to solvation. Solvation is usually characterized by 

thee normalized spectral response function, C{1) = [v{t)  - v(0)]/[ v(oo) - v(0)], where v(t) is 

thee first moment of the emission band shape function. In linear response theory, C{t) is 

thee time autocorrelation function of the solvent-induced fluctuations of the optical 
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transitionn frequency [30]. The plots in Figure 6.4 are best fits to a biexponential function. 

Inn Table 6.2 we give the weighted average times for the best-fit functions for the dynamic 

Stokess shift (TAV) as well as typical solvation times (TS) from the literature for the solvents 

used.. From the close similarity of TAV with TS it is concluded that for BMK the dynamic 

Stokess shift is due to the solvation process that follows the pulsed photoexcitation of the 

solute. . 

TableTable 6.2: Dynamic Stokes shift (DSS, in cm') and weighted characteristic times (TAV, in 

ps)ps) of DSS of Michler's ketone (MK) and blocked Michler's ketone (BMK). Solvation 

timestimes (xs, inps) are taken from Ref 27. Also included are the weighted decay times, r,„,, of 

thethe integrated fluorescence intensity. 

Methanoll  Ethanol Decanol DMF 

D S SS T A V TS Tint D S S T A V Xs Tint D S S TAV T s Tint D S S T A V T S Tj m 

MKK 3500 3.1 5 2.0 2100 6 16 3.5 3200 104 245 48 5300 2.1 2 125 

BMKK 2100 16 680 2000 240 790 1000 2 490 

TAVV = 2 a, Ti / X at, where ij are the time constants of the bi-exponential fits in Figure 6.4. 

Uponn comparing the kinetics of MK and BMK in the same alcohol (see e.g., the 

timee constants in Table 6.2 for the dynamic Stokes shifts of MK and BMK in ethanol) it 

iss found that the dynamics for MK is more than two times faster. Hynes et al. have 

recentlyy analyzed for TICT molecules that an enhancement in the dynamics of the Stokes 
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shiftt may occur by considering in a two-dimensional approach the effects of twisting and 

solvationn [22-24]. Several limiting cases were distinguished, including ones where 

solventt relaxation is either "slow"or "fast" with respect to the characteristic twisting time. 

Inn the slow-solvent limit, the reaction is started by solvation, but very soon twisting takes 

overr and virtually determines the dynamics of the reaction. Nordio et al have recently 

introducedd a related approach differentiating between "fast" and "slow" solvents [31]. 

Thiss approach is also applicable to barrierless reactions. As discussed above for MK, 

intramolecularr twisting motions eventually determine the electronic character of the 

excitedd state and the dynamic Stokes shift. Within the two-dimensional approach this 

impliess that for MK the slow-solvent limit applies. The slow-solvent result for MK in 

simplee protic solvents like methanol and ethanol is somewhat surprising when it is 

realizedd that in these solvents fast nuclear polarizations generally prevail due to the 

presencee of high frequency modes (30-50 ps"1, Ref.32). However, for MK in alcoholic 

solutionn it has already been noted that the emission is very broad compared to the 

emissionn of MK in acetonitrile (Figure 6.1). The broadening may hint to the presence of 

ann inhomogeneous distribution of stabilized twisted configurations and it may be that the 

influencee of the short-time dynamics of the solvent may be drastically changed and that 

long-timee relaxation dynamics determines the role of the solvent as for TICT molecules 

[322 - 34], 

Ass noted in Sec. 6.3, the kinetics of the fluorescence of MK in the aprotic solvents 

acetonitrilee and DMF initially displays a dynamic Stokes shift and a concomitant 

intensityy decay but after about 50 ps, the steady-state emission is reached and the 

emissionn decays with the excited-state lifetime of 800 ps. Within the framework of the 
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two-dimensionall  model [22 - 24, 31] it is thus found that for MK in the aprotic solvents 

usedd the fast solvation limit applies, i.e., the solvation dynamics is much faster than the 

respectivee characteristic reaction (i.e., twisting in this case) time constants. In such a limit 

itt has been argued that initially the dynamics are governed by twisting motions but very 

quicklyy the reaction dynamics is dominated by the fast dynamics of the solvation process. 

Indeed,, solvation times of inert probes in acetonitrile and DMF have been reported as 

0.266 ps and 2.0 ps, respectively [35]. Eventually, it is expected that the excited state 

decayss exponentially with a characteristic time corresponding to the excited-state 

lifetime.. For MK in DMF this has been verified and the measured lifetime is 800 ps. 
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