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Chapterr 4 

Femtosecondd Fluorescence Anisotropy Studies 

off Solvation-Induced Intraligand Charge Transfer 

inn Photoexcited Auminum (IH)-tris(8-hydroxyquinoline) 

Abstract t 

Forr the OLED compound Alq3, dissolved in dimethylformamide (DMF), the time 

dependencee of the fluorescence anisotropy has been studied using the femtosecond 

fluorescencee upconversion technique. Upon excitation within the first absorption band, 

nearr 364 nm, with polarized laser pulses of duration less than 150 fs, an initial 

fluorescencee anisotropy of about 0.2 is found to rapidly decay with a time constant of 2.0 

 0.2 ps. The observed fast anisotropy decay component is concomitant with the 

solvation-inducedd dynamic Stokes shift of about 1,000 cm"1. When excitation is at 

wavelengthss below 330 nm, the fluorescence of Alq3 in liquid solution does not show any 

anisotropyy effect. It is discussed that the emissive lowest excited electronic state of Alq3 

iss ligand-localized and that its electronic wave function is affected by solvation. More 

specifically,, the electronic wave function is considered to be an admixture of wave 

functionss belonging to several close-lying states. Upon pulsed optical excitation, the 

admixturee is assumed to vary with time, the time dependence being determined by the 

timee evolution of the generalized solvation coordinate. The solvation-induced changes of 

thee excited-state wave function effectuates a directional change of the emission transition 

dipolee moment and thus gives rise to a temporal dependence of the fluorescence 

anisotropy.. The rotational motions of the Alq3 solute molecules also contribute to the 

fluorescencee anisotropy decay. However, these motions occur on a much slower time 

scalee (about 100 ps). A comparitive study of the fluorescence anistropy decay of Alq3 in 

differentt solvents shows that the rotational motions of the Alq3 molecules follow the 

Debye-Stokes-Einsteinn relation. 
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4.11 Introduction 

Aluminumm (III)-tris(8-hydroxyquinoline) (Alq3) has successfully been applied as 

emittingg material in organic light emitting diodes (OLED). [1 - 5] Small-molecule based 

OLEDss have great potential to be used in optoelectronic devices and flat panel display 

technology.. [6, 7] Most studies concern the morphology of Alq3 in amorphous thin films 

andd in different crystalline forms, [8-10] the optimization of the devices, [6] as well as 

thee mechanisms and dynamics of charge injection, charge transport and charge 

recombination.. [11, 12] Relatively few studies have been devoted to the fluorescence of 

Alq3,, although such studies are important for understanding the electro-optical properties 

onn a molecular level. The fluorescence data, in solution [2, 13, 14] and in thin films, [6, 

10]]  indicate that the relevant lowest excited electronic states are localized on the 

individuall  quinolate ligand molecules. This is noteworthy because uncomplexed 8-

hydroxyquinolinee in many organic solvents is only weakly fluorescent, or even 

nonfluorescent.. [15] Complexation with metal ions, however, may induce a fluorescence 

enhancementt (fluorogenic effect). Semi-empirical molecular orbital [16, 17] and density 

functionall  theory calculations [16, 18] provided insight into the electronic charge 

distributionss of Alq3 and metal-Alq3 complexes [19] in ground and excited states. 

Photoabsorptionn gives rise to TUTT. excitations at the quinolate ligand for which the 

electronicc charge is partially transferred from the phenoxide to the pyridyl ring 

(intraligandd charge transfer). [6, 12, 17] 

Veryy recently, we reported the first ultrafast fluorescence upconversion studies of 

Alq3,, in solution [20] and in vapor-deposited thin films. [21] For Alq3, in solution, 

picosecondd fluorescence transients were resolved. Analysis of the temporal spectral 
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behaviorr showed that the picosecond components are due to solvation effects that occur 

afterr pulsed optical excitation. Interestingly, it was also observed that the solvation-

inducedd dynamic Stokes shift is accompanied by a decrease of the integrated fluorescence 

intensityy much faster than can be accounted for by the v3-law for spontaneous emission. 

Too explain this drop of the emission intensity we conjectured that during solvation the 

excited-statee adiabatic potential energy surface, and concomitantly, the excited-state 

electronicc wave function, are changed. Solvent-induced mixing of close-lying excited 

molecularr states was considered to account for the change of the excited-state radiative 

character.. [20] 

Inn this paper, we report a femtosecond time-resolved fluorescence anisotropy 

studyy of the relaxation processes of Alq3 that take place after photoexcitation. Time-

resolvedd fluorescence anisotropy spectroscopy, performed on a time scale that exceeds 

thatt of the rotational diffusion motions of the molecules in the liquid (for our molecules ~ 

500 ps, or more, vide infra), is a powerful tool for revealing intramolecular dynamics. [22, 

23,, 24] In the case of photoexcited Alq3, one may expect that dynamic anisotropy 

fluorescencee measurements provide a sensitive test for the proposed solvation-controlled 

chargee redistribution in the molecule. It will be shown in this paper that the femtosecond 

fluorescencee anisotropy experiments indeed give independent evidence for (i) the 

localizedd nature of the emissive state, and (ii) excited-state electronic charge 

redistributionn dynamics pertinent to the solvation process 
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4.22 Experimental 

Alq33 was purchased from Aldrich and used without further purification. 

Dimethylformamidee (DMF) and ethylene glycol are spectrophotometric grade (Aldrich). 

Sampless with a concentration of 10"4 M were used for the measurements. 

Femtosecondd and picosecond polarized fluorescence transients were measured by 

meanss of two experimental set-ups. Femtosecond laser excitation was accomplished 

usingg a diode-pumped cw Nd:YV04 laser (Spectra Physics, Millennia X) which pumped 

aa Ti:sapphire laser (Spectra Physics, Tsunami) operating at 800 nm and which delivered 

600 fs pulses at a repetition rate of 82 MHz. The laser pulses were first amplified in a 

regenerativee amplifier laser system (Quantronix) to about 400 mW at 1 kHz, and then 

splitt into two beams. One of the beams was led into a TOPAS laser system (Light 

Conversionn Ltd.) that produced the excitation pulses. To avoid heating of the sample, the 

latterr was motor-driven back and forth perpendicular to the direction of the TOPAS laser 

beam.. The photoinduced transient fluorescence was time-resolved by applying the fluo-

rescencee upconversion detection technique. [25, 26] The second part of the fundamental 

beamm (800 nm), was led through an optical delay line and focused together with the 

inducedd fluorescence onto a 1 mm thick BBO crystal (type I phase matching condition). 

Thee upconversion signal (at the sum frequency of the fluorescence and the fundamental 

off  the femtosecond laser) was filtered out by a UG 11 filter, and then focused on the 

entrancee slit of a monochromator and photodetected using a photomultiplier connected to 

aa lock-in amplifier. By means of a polarizer in front of the sample, the polarization of the 

excitationn beam was chosen parallel or perpendicular to the polarized gating beam. From 

thee measured cross-correlation function of the excitation and gating pulses at 400 nm and 
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8000 nm, the instrumental time response was estimated to be approximately 150 fs 

(FWHM). . 

Fluorescencee transient measurements with picosecond time resolution were 

conductedd using the time-correlated single-photon-counting technique. [27] Briefly, a mode-

lockedd Ar+-ion laser (Coherent, Innova 200-15) synchronously pumped a dye laser 

(Coherent,, 702-3) with a cavity dumper (Coherent, 7200). The cavity-dumped dye laser 

generatedd laser pulses of about 7 ps (FWHM autocorrelation trace), with an energy of 

aboutt 25 nJ at 3.7 MHz. These pulses were frequency doubled in a 6 mm BBO crystal, 

andd used to photoexcite the sample. The fluorescence transients were detected applying 

thee time-correlated single-photon-counting technique in reverse mode. The instrument 

responsee was about 16 ps (FWHM). All fluorescence transients were measured at parallel 

andd perpendicular polarization directions with respect to the polarization of the excitation 

light. . 

Steady-statee 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. [27] The emission spectra 

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

photomultiplierr detection system. 

4.33 Results 

Inn Figure 4.1 we have reproduced the steady-state absorption and emission spectra for 

Alq33 in DMF given previously.20 The first absorption band peaks at 26 800 cm"1, two less 

intensee peaks are found at 30 000 cm"1 and 32 000 cm"1. The spectrum is similar to that 

61 1 



ChapterChapter 4 

reportedd recently for Alq3 in CH2CI2. [28] The emission spectrum is independent of the 

excitationn wavelength within the absorption range and in good agreement with the 

photoluminescencee spectrum reported elsewhere. [29] 

Wavelengthh [nm] 
2866 333 400 500 667 

.. 1 , I 1 I 1 1 1 . 

Absorptionn Emission 

— 11 ' 1 ' 1 ' 1 ' 1 — 
350000 30000 25000 20000 15000 

Wavenumberr [cm ] 

FigureFigure 4.1: Absorption and emission spectra ofAlqs dissolved DMF. Arrows indicate 

positionspositions of the excitation wavelengths (326 nm and 360 nm) used in the fluorescence 

transienttransient measurements. 

Recently,, we reported femtosecond fluorescence upconversion transients for Alq3 

dissolvedd in DMF, DMSO, dichloromethane and toluene. [20] Measurement of the 

fluorescencee upconversion transients under magic angle conditions, yields in the blue part 

o o 
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off  the emission band (460 nm < X < 600 nm) a decay, the transients detected in the red 

partt of the emission (600 nm < X < 645 nm) display a rise. After spectral reconstruction, 

thee dynamic Stokes shift to the red for Akfc in DMF was determined to be about 1,000 

cm"1.. The time dependence of the spectral shift, at room temperature, is exponential with 

aa time constant of 1.9  0.2 ps. This value is also the value of the solvent relaxation time 

forr DMF. [30] It was thus found that the dynamic Stokes shift that follows the pulsed 

excitationn can be attributed to the solvation process. Here we consider the anisotropy 

dynamicss of the fluorescence that can be measured while solvation takes place for Alq3 in 

DMF. . 

Usingg linearly polarized excitation pulses, transients have been measured for the 

emissionn polarized parallel (I \ 0 and perpendicular  to the polarization direction of the 

excitingg laser pulses. A few typical polarized upconversion transients, in a time window 

off  10 ps, excitation wavelength at 364 nm, are displayed in Figure 4.2. (The positions of 

thee excitation wavelengths at 364 nm and 326 nm for the transients presented in this work 

aree indicated by the arrows in Figure 4.1). The short-time components in the fluorescence 

anisotropyy (Figure 4.2a) could be resolved only when excitation is at a wavelength longer 

thann about 340 nm (i.e., within the lowest absorption band, Figure 4.1). Fluorescence 

transientss obtained for 326 nm and shorter excitation wavelengths did not exhibit a 

temporall  difference for ƒ |(r) and

Thee time span was expanded in the SPC measurements. As illustrated in Figure 

4.3a,, for the transients obtained with the excitation at 340 nm, anisotropy persists up to 

aboutt 300 ps. As before, when excitation is at 326 nm, I\(t) and Ii(t) behave alike with 

noo difference between them. 
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FigureFigure 4.2: Polarized fluorescence upconversion transients ofAlq$ in DMF as detected at 

505505 nm (a) and 600 nm (b), excitation wavelength is 364 nm. Solid lines are best fits to 

biexponentialbiexponential function convoluted with system response function. The time dependence of 

thethe fluorescence anisotropy, r(t), as obtained from the best-fit functions in (a) and (b) are 

givengiven in (c) and (d), respectively. 

Thee femtosecond upconversion and the picosecond SPC transients were each 

fittedd with a biexponential function convoluted with the system response function. The 

tailss of the fitted decay curves for the upconversion transients matched the fitted curves 
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off  the transients obtained with the time-correlated single-photon counting setup. The 

drawnn curves in Figures 4.2a and 4.2b show the best-fit convoluted biexponential curves. 
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FigureFigure 4.3: Polarized fluorescence transients for Alq; in DMF as measured with SPC 

setupsetup with excitation at 340 nm (a) and 326 nm (b), detection is at 505 nm. In (b), the 

parallelparallel and perpendicular polarized transients coincide 

Thee time-resolved anisotropy, defined as, 

r(t)r(t)  = 1 1 
// + 2 / (4.1) ) 
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wass obtained from the best fit  functions for I\{t)  and  Note that in Eq. (4.1) and 

hereafter,, ƒ |(f) and  refer to fluorescence intensities obtained after deconvolution of 

thee experimental fluorescence transients. The best-fit functions for r{t)  characteristic of 

thee transients obtained with the excitation at 364 nm and detection at 505 nm and 600 nm 

aree given as drawn curves in Figures 4.2c and 4.2d, respectively. Likewise, the temporal 

behaviorr of the fluorescence anisotropy for the SPC transients was determined. The best-

fitt values for the "fast" and "slow" anisotropy time constants and the relative weights of 

thee corresponding components have been collected in Table 4.1. For comparison the table 

includess the characteristic solvation times for Alq3 in DMF as determined from the 

dynamicc Stokes shift measurements. [20] 

TableTable 4.1: Fluorescence anisotropy decay times characteristic of the best-fit 

biexponentialbiexponential function for r(t) for Alqj dissolved in DMF. The relative weights of the 

componentscomponents are given in brackets. The solvent relaxation time, TTO/,, is from Ref 30 

Detectionn Wavelength x, (ps) t2(ps) Tsoiv(ps) 

5055 nm 2.5 2 (.06) 85 5 (0.14) 1.9 

6000 nm 1.4 2 (0.01) 85 5 (0.11) 
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4.44 Discussion 

Alq33 is an organometal trischelate with a distorted octahedral coordination. The 

twoo geometrical isomers of Alq3, the "meridinal" (mer) and the "facial" (fac) isomer, are 

chirall  and thus correspond to two different optical isomers.6 DFT-based calculations 

predictt that the mer isomer is lower in energy, but fac has a higher dipole moment. It is 

reasonablee to expect that in the liquid phase both isomers coexist. [10, 18] As has been 

discussedd recently on the basis of DFT and semi-empirical calculations, photoabsorption 

leadss to a ligand-localized excitation. [17, 18] For the case that the transition moments of 

thee absorption and emission dipoles are parallel, the theoretical value for the initial 

fluorescencee anisotropy becomes, r(0) = 0.4. [31, 32] The plots in Figures 4.2c and 4.2d 

illustratee that r (0) is nonzero. The nonzero anisotropy signifies that, within the system 

responsee time of 150 fs, the directions of the transition moments of the absorption and 

emissionn processes remain, at least partially, correlated. The values of 0.2 (detection at 

5055 nm) and 0.12 (detection at 600 nm), are lower than the theoretical limit of 0.4. This 

loweringg is likely due to a diminished photoselectivity by the polarized excitation 

becausee of spectral overlap of several absorption bands (with different polarization) at the 

experimentall  excitation wavelengths (340-360 nm). Such a spectral overlap effects that 

thee emissive state is populated by relaxation from different electronic excited states. 

Consequently,, the directional correlation between the absorption and emission dipoles is 

partiallyy lost and values for r(0) lower than 0.4 will be obtained. Note that in this view the 

emissivee state in part has attained its initial population after internal conversion from one 

orr more other higher-lying electronically excited states. It follows that the internal 

conversionn process must be ultrafast and completed within the system response time of 

67 7 



ChapterChapter 4 

1500 fs. Such an ultrafast interligand relaxation phenomena was reported previously also 

forr another metal complex, namely Ru(bpy)32".[33] Moreover, when excitation is at 326 

nmm or shorter wavelengths, no rise component can be observed for the femtosecond 

fluorescencee upconversion transients. This result further supports that internal conversion 

iss within the 150 fs system response time. 

Ann alternative possibility for the lowering of the maximal value of the anisotropy 

iss that, within the first 150 fs after the excitation pulse, the emissive state is already 

populatedd but that during that time span solvation dynamics affects the electronic wave 

function.. This is the process considered previously to explain the variation of the total 

fluorescencee intensity that accompanies the dynamic Stokes shift.[20] Calculations have 

indicatedd that Alq3 has a number of close lying excited ligand-localized electronic states 

nearr 2.8 eV. [17, 18] We argue that the solvent environment causes a mixing of these 

states,, the mixing being dependent on the degree of the solvation process, i.e., the value 

off  the generalized solvation coordinate. If it is assumed that the solvation-controlled 

changeschanges of the electronic wave function result also in a change in the direction of the 

fluorescencee transition moment then this will lower the value of r(0). (Tilting the angle 

betweenn the absorption and emission dipoles by 35° leads to an anisotropy of 0.2). Very 

fastt solvation dynamics, on a time scale of 100 fs or less, is well-known and commonly 

attributedd to inertial reorientational motions of the solvent molecules.[34,35] Thus the 

loweringg of the fluorescence anisotropy value from 0.4 to 0.2 (within 150 fs) could also 

bee due to the effects of inertial free streaming solvent motions on the nature of the 

electronicc wave function of Alq3 in the fluorescent state. It should be added that a change 

inn the anisotropy due to solvent-induced mixing of different electronic levels is only 

68 8 



FemtosecondFemtosecond Anisotropy Studies of Solvation-Induced Intraligand ChargeTtransfer in Alq} 

possiblee when the mixing involves several radiative electronic levels. Mixing in the 

regionn of conical intersection of the fluorescent and the electronic ground states, for 

instance,, may be ruled out, because such a mixing would not affect r. Very recently, we 

havee verified this feature for auramine. [36] For the latter, it was established by means of 

time-resolvedd transient absorption and emission experiments that the excited-state 

dynamicss is determined by a solvent-controlled admixture of emissive and noAjemissive 

excitedd states. [37,38] Mixing of these states thus can affect the fluorescence quantum 

yieldd but cannot change the direction of the emissive dipoles and no temporal dependence 

off  r is expected. This is exactly what has been found experimentally. [36] 

Ass noted above, r (0) values of 0.2 and 0.12 were obtained when detection is at 

5055 nm and 600 nm, respectively. Since the emissions detected at 505 nm and 600 nm 

havee in the optical transition the final electronic state in common (namely the electronic 

groundd state), the different initial anisotropy values can only arise because the initial 

statess are of different radiative character. This difference is readily argued on the basis of 

thee above-mentioned ultrafast solvation mechanism. The "600 nm" emission is due to 

moleculess that have progressed further in the solvation process than the molecules 

emittingg at "505 nm". In the meantime the fluorescence anisotropy may have changed. 

Thee different values for r (0) obtained at 505 nm and 600 nm, is therefore a further 

indicationn of an ultrafast solvation-induced initial electronic relaxation. In summary, we 

consideredd two possible mechanisms for the lowered values of r(0), i.e., overlapping 

excitationss and solvation dynamics leading to ultrafast electronic relaxation. Most 

probably,, both mechanisms apply in the case of Alq3 in DMF. 
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Anisotropyy effects in the fluorescence are not observed when excitation is at 

photonn energies higher than about 30 000 cm"1. Calculations show that at these energies 

several,, almost iso-energetic, electronic states with different directions for their transition 

momentss may be excited. [17, 18] Therefore, excitation near 3.7 eV or higher energies 

mostt likely causes branching, i.e., several electronic states with different directions for 

theirr transition moments are simultaneously excited. Under such conditions, 

photoselectionn by the polarized laser pulses does not occur, thus excluding polarized 

emission. . 

Thee biexponential decay of the fluorescence anisotropy of Alq3 in DMF (Figures 

4.2cc and 4.2d), with time constants of 2.0 ps and 85 ps, reveals that, apart from the 

ultrafastt (< 150 fs) initial dynamics, several relaxation processes affect Alq3 in the 

excitedd state. The fluorescence depolarization data at early times (up to about 10 ps) show 

thatt in this time regime the dynamics of the depolarization process compares very well 

withh that of the dynamic Stokes shift (with a time constant of about 2.0 ps (ref. 20)), and 

thee solvent relaxation time of 1.7 ps of the solvent. [26] Moreover, for Alq3 doped in an 

Al(acac)33 host crystal, no picosecond Stokes shift nor fluorescence depolarization 

transientstransients were observed. Similarly, in a methanol and ethanol (1:3) solution at room 

temperaturee only a 80 ps fluorescence anisotropy decay component is obtained, whereas a 

decayy is absent when the alcohol mixture is cooled below the glass transition point. These 

findingss indicate that the 2.0 ps fluorescence anisotropy decay must be attributed to 

solvation.. The time scale corresponds to that typical of rotational diffusion motions of the 

solventt molecules. [39] 
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AA major finding in this study is that solvation can effect the temporal behavior of 

thee fluorescence anisotropy. Normally, solvation takes place with the system in a single 

excitedd electronic state with a well-defined transition dipole moment for the emission to 

thee ground state. In other words, solvation is usually not accompanied by a change of the 

electronicc wave function of the excited state and a temporal change in the direction of the 

electronicc transition dipole is not expected. However, in the model discussed above for 

photoexcitedd Alq3 in solution, a solvation-induced mixing of nearby excited electronic 

statess of different radiative character is adopted. Different directions for the optical dipole 

transitionn moments of the admixed states will then lead to a temporal change of r as 

solvationn progresses. The equal time constants for the anisotropy decay and the solvation 

dynamicss are in favour of this model. We conclude that the time-resolved anisotropy 

measurementss for Alq3 in solution provide further support for the idea that the emissive 

excitedd state is affected by the solvation process. The associated redirection of the 

transitionn dipole moment is most likely related to the intraligand charge separation that 

hass been proposed to characterize the ligand-localized photoexcition of Alq3. [18] 

Afterr optical excitation near 360 nm, the Alq3 molecules are also vibrationally 

excited.. In discussing the fluorescence transients of Figure 4.2, we should thus also 

considerr the possibility of hot band emission. In the latter event, the 2.0 ps fluorescence 

decayy component could refer to the vibrational relaxation time of the vibrationally hot 

Alq33 molecules, [40] and thus need not arise from solvation dynamics. To investigate this 

possibilityy time-resolved fluorescence anisotropy measurements were performed for Alq3 

dissolvedd in a methanol-ethanol 1:3 glass. The result is, as mentioned above, a total lack 

off  dynamic anisotropy effects in the fluorescence. Moreover, when the measurements of 
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thee anisotropy time dependence were repeated in the solvents DMSO and CH2CI2, the 

picosecondd decay component of r(t) was found to vary in accordance with the respective 

solventt relaxation times. It is concluded that the fluorescence anisotropy decay dynamics 

iss not determined by vibrational relaxation (hot emission decay). 

Strictlyy speaking, for a sharply defined detection wavelength one would probe the 

responsee of the system for a well-defined value of the generalized solvation coordinate. 

Forr this coordinate, the system has a well-defined anisotropy value that would not be time 

dependentt unless we follow the dynamics of the system to a different solvation 

coordinatee and adapt the detection wavelength accordingly. It is therefore necessary to 

examinee how it is possible that, when the measured fluorescence at a particular 

wavelength,, say 505 nm, is due to a single electronic state (without any hot band 

emission),, the fluorescence anisotropy can still show a 2.0 ps time component. The 

answerr is simply that in our experiments the detection wavelength is not infinitely sharp, 

butt has a spread of about 5 nm. Thus the temporal behavior of r{t)  is manifested only 

becausee of the experimental spectral window of approximately 5 nm. 

Finally,, we briefly discuss the slow decay component in the fluorescence 

anisotropyy decay (Table 4.1). Again, we find that the fluorescence anisotropy is observed 

onlyy when the excitation wavelength is above 344 nm, i.e., the photon excitation energy 

iss kept as low as possible. The decay with time of r(/), as extracted from the convoluted 

SPCC transients for ƒ |(/) and , is found to be monoexponential. The best-fit function 

hass a characteristic decay time of 85 ps for Alq3 in DMF. The decay time becomes much 

longerr in high-viscosity solvents. For instance, in ethylene glycol the decay time is 1.18 

nss (Table 4.2). The "long" (85 ps) fluorescence anisotropy decay component is present 
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onlyy when the complexes are in liquid solution. Also, t\t) appears to be independent of 

thee detection wavelength. These features are typical of fluorescence ansiotropy decay 

arisingg from rotational diffusion motions of the probed solute molecules. Such motions 

aree usually considered in fluorescence anisotropy studies. [27] 

Tablee 4.2 comprises the results for the experimental fluorescence anisotropy 

decayy times, Tj, for a number of Mq3 complexes, with M = Al, Ga, or In. It appears that 

thesee anisotropy decay times are compatible with the rotational diffusion times obtained 

fromm the Debye-Stokes-Einstein relation, [41] 

-6D-6D t 
7(00 = A e s (4.3) 

wheree the rotational diffusion rate constant, Ds, is given as, 

kkBB is the Boltzmann constant, T is the temperature, r\ is the viscosity coefficient of the 

solventt (0.8 mPa.s for DMF, 16.1 mPa.s for ethylene glycol) [42] and R is the radius of 

thee solute molecule, which in the model is assumed to have a spherical shape. 

Inn Table 4.2 we have included the values of the rotational diffusion times, rr = 

(6Ds)~(6Ds)~ , as obtained for the given R values for the Mq3 complexes. These values for R 

weree assumed to follow the increase of the atomic radii of Al3+, Ga3+ and In3+. The 

satisfactoryy agreement between the values of T2 and rr confirms that the "long" time 
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decayy component of the fluorescence anisotropy of Alq3 in DMF is due to the rotational 

diffusionn motions of the solute molecules indeed. 

TableTable 4.2: Characteristic time, r?, for the "long" fluorescence anisotropy decay 

componentcomponent for Alq 3, Gaqj, and lnqj, dissolved in DMF and ethyleneglycol. The rotational 

diffusiondiffusion times estimated from the Debye-Stokes-Einstein (DSE) relation as indicated in 

thethe text are included 

Metall  Solvent: DMF Solvent: ethylene glycol 
Complex x 

x2(ps)) xr(ps) R{k) T2(ns) Tr(ns) R{k) 

Alq33 85 85 4.7 1.18 1.18 4.15 

Gaq33 91 91 4.8 1.28 1.27 4.25 

Inq33 122 105 5.0 4.45 

Inn conclusion, femtosecond fluorescence anisotropy measurements for Alq3 in 

liquidd solution revealed a biexponential decay behavior characterized by a "fast" (2 ps) 

andd a "slow" (85 ps) decay component. The presence of close-lying excited states 

enhancess the polarizability of the excited state. It has been discussed that the "fast" decay 

iss due to the influence of solvation on the highly polarizable fluorescent excited state of 

Alq3.. The "slow" decay arises from the conventional influence of the rotational diffusion 

motionss of the solute molecules. 
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