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Chapterr 2 

Experimental l 

2.11 Introduction 

Inn this Chapter we give an overview of the experimental setups used in this 

thesis.. In Section 2.2 the steady-state absorption and emission setups are described. 

Fluorescencee transients of different molecules in solution or solid media are recorded 

overr a time-range from 100 fs to 50 ns with the time-correlated single-photon 

countingg setup (Section 2.3) and the femtosecond fluorescence upconversion setup 

(Sectionn 2.4). Fluorescence polarization measurements will be discussed in Section 

2.5.. In Section 2.6 a description of the samples is given. 

2.22 Steady-state absorption and emission 

Thee steady-state absorption spectra given in this thesis were recorded using a 

Shimadzuu UV-visable spectrometer (UV-240) equipped with an iodine-tungsten lamp 

andd a deuterium lamp. The spectral range is from 190 to 900 nm. The monochromator 

hass a holographic grating and the best spectral resolution is 0.15 nm. 

Thee steady-state emission spectra were recorded with the time-correlated 

single-photonn counting setup that is described in Section 2.3. The number of photons 

wass counted for a fixed period of time at different wavelengths. The obtained 

spectrumm was corrected for the wavelength sensitivity of the photo-multiplier and the 

monochromator,, using an experimentally determined calibration curve. The correction 

curvee was determined experimentally using a calibrated EG&G RS-10A lamp system 

[1]--
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2.33 Time-correlated single-photon counting 

Fluorescencee transient measurements in time-windows ranging from 10 ps to 50 

nss were conducted using the time-correlated single-photon-counting technique [2, 3] An 

overvieww of the setup is given in Figure 2.1. 
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FigureFigure 2.1: Schematic representation of the time-correlated single-photon counting 

setup setup 

Thee detection technique makes use of a statistical method. It is based on the 

principlee that with the excitation with the laser pulse a "start" pulse is generated for the 

detectionn system. A "stop" pulse is created when a photon of the emission is detected by 

thee photo-multiplier. This gives a count. This count is registered in the MCA-buffer 

dependingg on the time elapsed between start and stop pulse. After numerous repetitions 

thee resulting time profile reflects the temporal behavior of the fluorescence transient. In 
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practice,, however, the photon of the emission that is detected by the electronics 

generatess the "start" pulse. The laser pulse generates the "stop" pulse. 

Thee pump laser of the setup is an Ar+ ion laser Coherent Innova 200-15. The 

laserr is mode locked by a Coherent 468 mode-locker. The laser produces pulses of 

aboutt 80 ps at 514.5 nm with a repetition rate of 76 MHz. The Ar+ ion laser 

synchronouslyy pumps a Coherent 702-1 CD jet dye laser. In the experiments, DCM-

speziall  dye dissolved in ethylene glycol was used as the laser dye. This dye has a 

tunablee range from 610 nm till 700 nm. A saturable absorber shortens the laser pulse. 

Dependingg on the excitation wavelength different dye mixtures were used. To excite 

thee sample between 305 nm and 340 nm, a mixture of DQTCI and DTDCI dissolved 

inn ethylene glycol was used. To excite between 340-350 nm, DDI in addition was 

necessary.. A Coherent 7200 cavity dumper was mounted on the synchronously 

pumpedd dye laser. The cavity dumper decreases the repetition rate from 76 MHz to 

3.88 MHz and increases the energy per pulse. The pulse energy was about 25 nJ/pulse 

andd the duration was about 1 ps. 

Thee laser light was frequency doubled through a 6 mm thick BBO crystal 

resultingg in an excitation wavelength between the 305 and 350 nm. The laser light 

wass led through a dichroic mirror. The dichroic mirror separates the frequency-

doubledd laser beam from the fundamental laser beam. The frequency-doubled beam 

wass used as the excitation beam. The fundamental beam was split into two beams, one 

wass led to a photodiode producing the "stop" pulse and the other was led to an 

autocorrelatorr for the measurment of the shape of the pulse. 

AA polarizer was positioned in front of the monochromator for the 

measurementt of the fluorescence under magic angle or polarized conditions. The 

fluorescencee light was focused on the slit of a Zeiss M20 monochromator. The 
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photonss were detected by a Hamamatsu R3809 U (S20) microchannel plate 

photomultiplier. . 

Thee signal was amplified by a Hewlett Packard 8347A amplifier and then sent 

too a Tennelec TC454 constant fraction discriminator producing the "start" pulse for 

thee Tennelec TC864 time-to-amplitude converter (TAC). The "stop" pulse from the 

Antell  FS1010 photo-detector is led to another Tennelec constant fraction 

discriminatorr (TC 455), and then into the TAC via a Tennelec TC 412 delay 

generator.. The output signal of the TAC are pulses with amplitudes proportional to 

thee time elapsed between the "start" and "stop" pulses. These are sent into an EG&G 

Ortecc 918 multi-channel buffer (MCB) connected to a personal computer. 

Thee time window consists of 4096 channels and can be chosen to be 5 ns , 10 ns, 

255 ns or 50 ns. The time histograms of the fluorescence transients are created in the 

MCBB and read out by a personal computer. The system response function was 

determinedd by measuring the Raman scattered light of a water cell. The full width at 

halff  maximum (FWHM) is typically 17 ps. 

2.44 Femtosecond fluorescence upconversion 

Thee principle of the fluorescence upconversion method is based on mixing the 

fluorescencee light of the sample with the laser gating pulse in a BBO crystal [4]. This 

wil ll  yield an upconversion signal with a frequency of: 

<%CC *>gating+0>.fH  (2-1) 

or, , 

24 4 



Experimental Experimental 

UCUC stands for upconversion and 7̂ stands for fluorescence. 

Thee intensity of the upconversion signal is given by, 

II ucuc(x)(x) =\lfl{t)lgating{t-T)dt, (2.3) 

rr is the time difference between the arrival of the fluorescence signal and the gating 

laserr pulse at the BBO crystal. The time-resolved fluorescence transient is obtained by 

delayingg the gating laser pulse with respect to the excitation beam. The temporal 

behaviorr of the fluorescence could be recovered by deconvolution of the 

upconversionn signal with the response function. The latter was measured as the cross-

correlationn of the excitation and gating laser pulses. The instrumental time response 

wass estimated to be approximately 150 fs (FWHM). 

Figuree 2.2 shows the scheme of our fluorescence upconversion setup. A diode-

pumpedd cw Nd:YV04 laser (Spectra Physics, Millennia X) pumps a Ti:sapphire laser 

(Spectraa Physics, Tsunami). The Ti:sapphire laser was operating at 800 nm and 

deliveredd 60 fs pulses at a repetition rate of 82 MHz. The laser pulses were amplified 

inn a regenerative amplifier laser system (Quantronix) to about 460 mW at 1 kHz. The 

outcomingg beam from the amplifier was split into two beams by a beamsplitter; an 

excitationn and a gating beam. 
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FigureFigure 2.2: Schematic representation of the fluorescence upconversion setup; 1 

beamsplitter,beamsplitter, 2 DUG 11 filter, 3 polarizer and 4 cut-off filter 

Thee excitation beam was led into an OPA laser system (Light Conversion 

Ltd.).. Inside the OPA is a BBO crystal, which generated from the excitation beam a 

signall  and idler beam. The frequency of the signal beam can be changed by the 

alignmentt of the BBO crystal. With other mixing crystals the wavelength of the 

excitationn beam could be chosen between 190 and 2200 nm. In the experiments 

describedd in Chapter 3, 4 and 6 the OPA system was set to produce light with a 

wavelengthh between 320 and 380 nm. This is actually the third harmonic of the signal 

beam.. The first and second harmonics were filtered out with a DUG 11 filter. 
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Too avoid detection of kinetics due to reorientational motions of the probed 

moleculess in liquid solution, the polarization of the excitation beam was set at magic 

anglee (54.7°) with respect to the vertically polarized gating beam with a polarizer. The 

polarizerr is a plate of silicon quartz. When the excitation beam of plane polarized 

lightt passed through the quartz plate, the polarization direction was rotated by an 

anglee depending on the thickness of the quartz and the frequency of the excitation 

beam.. Different polarization angles, parallel, magic angle and perpendicular, of the 

excitationn beam with respect to the gating beam have been used to excite the sample. 

Thee fluorescence originating from the sample passed through a cut-off filter to block 

thee excitation laser light and to let the fluorescence of the sample through. The 

fluorescencee light was focussed together with the gating laser beam on a BBO crystal. 

AA variable delay table controlled the difference in optical pathways of the gating 

beamm with respect to the excitation beam. The delay table has a minimal step size of 

0.11 Jim, which corresponds with a minimum time-step of 6.6 fs. 

Thee upconversion signal was filtered out by an UG 11 filter, focussed on the 

entrancee slit of a Zeiss M 20 monochromator and photodetected, using a 

photomultiplierr (EMI, 9863 QB/350) connected to a lock-in amplifier system 

(Stanfordd Research Systems, SR 830). Typical measurements were performed with a 

sample-timee of 1 second for each step in a time window of 500 steps. The 

fluorescencee transients were read out on a personal computer. 

Thee amplifying system was not used for samples with an absorption around 

thee 400 nm (see Chapter 3), or around the 840 nm (see Chapter 5). In the experiments 

off  Chapter 3 (see Figure 2.3), the Ti:sapphire laser was set at 800 nm producing 60 fs 

pulsess at a repetition frequency of 82 MHz. The laser light is led through a 1 mm 

thickk BBO crystal (type I phase matching condition). A dichroic mirror split the beam 
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inn an excitation beam at the frequency doubled wavelength of 400 nm and a gating 

beamm at 800 nm. The excitation beam was directed through a polarizer to rotate the 

beamm to the required angle with respect to the gating beam to excite the sample. A 

cut-offf  filter was used to separate the excitation beam from the fluorescence light. A 

variablee delay table controlled the optical pathways of the gating beam with respect to 

thee excitation beam. The fluorecence light and the gating beam were focused on a 

BBOO crystal. The fluorescence upconversion signal was led to the monochromator 

andd photomultiplier, but recorded by a Princeton Applied Research photon counting 

systemm and read out by a personal computer. 
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FigureFigure 2.3: Schematic representation of the femtosecond fluorescence upconversion 

setupsetup with a photon counting detection system 
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Thee Ti:sapphire laser was set at 840 nm for measuring the fluorescence 

transientss of the infrared dyes (see Chapter 5) that absorbs the light in a wavelength 

regionn between the 800 and 1000 nm. The pulses of 60 fs with a frequency of 82 

MHzz were split by a beamsplitter into two beams: an excitation beam and a gating 

beam.. The excitation beam was led through a polarizer to excite the sample under 

differentt angles: magic angle, or parallel, or perpendicular. The energy of the 

excitationn pulse was about 4 nJ/ pulse. A variable delay table controlled the optical 

pathwayy of the gating beam with respect to the excitation beam. The fluorescence 

lightt was separated with a cut-off filter from the excitation beam and focussed 

togetherr with the gating beam on a BBO crystal. The upconversion signal was led to 

thee monochromator/photomultiplier system. 

2.55 Fluorescence depolarization measurements 

Uponn excitation with linearly polarized laser light, a photo-selection of the 

probee molecules will occur. Only probe molecules that have a transition dipole 

momentt component aligned along the polarization direction of the exciting laser light 

wil ll  be excited. When the emission dipole moment and the absorption dipole moment 

aree collinear, the fluorescence light polarization will be parallel to the polarization of 

thee excitation laser light. 

Thee time-dependence of the fluorescence polarization parallel and 

perpendicularr were measured in the experiments. The measure of depolarization is 

givenn in terms of the fluorescence anisotropy [5]. The anisotropy of the fluorescence 

iss defined as 

29 9 



ChapterChapter 2 

Ir Ir 
(2.5a) ) 

/|ll  and  are the emission intensities polarized parallel and perpendicular with respect 

too the polarization direction of the exciting light (see Figure 2.4), and IT (= total 

intensity)) is defined as, 

IITT ^ N + 2 / i (2.5b) ) 

FigureFigure 2.4: A schematic representation of a probe molecule in a coordinate system 

wherewhere the dipole moment changes direction in time 

Too determine the anisotropy we consider the probe molecule as an oscillating 

dipole.. For an ensemble of oscillating dipoles, the orientation of an emitting dipole 

beingg defined by 6 and <j>  (see also Figure 2.4) this gives, 
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^(0,0)== (cos2 0) (2.6a) 

^ (0 ,0 )== (sin2 0sin2 0), (2.6b) 

wheree the parentheses refer to an average over all possible orientations. The values of 

00 are distributed equally, so < sin2(j)>  — 0.5. By combining Equations (2.5) and (2.6) 

thee anisotropy becomes, 

- ^ ! .. (2.7) 

Iff  the transition dipole moments for absorption and emission are collinear, the 

probabilityy function for calculating the average distribution in Equation (2.7) is given 

as, , 

ƒ'(0)) = cos20sin0 dB. (2.8) 

Byy combining Equations (2.7) and (2.8) the anisotropy is obtained as, r = 0.4. This is 

thee anisotropy at t = 0 after excitation of an ensemble of randomly oriented probe 

moleculess in solution, with parallel transition dipole moments for absorption and 

emission.. If, on the other hand, the absorption and emission transition dipole moments 

aree at angle a the initial anisotropy at t = 0 is given by, 

rr  = 0.4 
3cos2a-l l 

(2.9) ) 
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Byy performing measurements of the time dependence of the anisotropy, the 

developmentt of a in time can be followed. In liquid solution, several processes may 

affectt the anisotropy in time. Rotational diffusion of the probe molecules in solution 

wil ll  change the direction of the dipole moment and after some time all exited probe 

moleculess have reoriented. The fluorescence anisotropy will decay with time. Another 

kindd of anisotropy decay of interest in this thesis occurs when the excited-state 

relaxationn involves a gradual change of the orientation of the emission transition 

dipolee in an electron transfer process. In fact, we will consider a gradual change of the 

excited-statee wave function during electron transfer. Changes of the excited-state 

wavee function effectuate a directional change of the emission transition dipole 

momentt and thus give rise to a temporal dependence of the fluorescence anisotropy. 

Too eliminate polarization effects in "normal" fluorescence experiments, the 

probee beam is polarized at an angle of 54.7° (magic angle conditions), with respect to 

thee gating beam. The intensity of the fluorescence is then given by, 

llMAMA ^cos2(54.7) 4 sin2(54.7) = j ' u + f ' i (2-10) 

II  MA is the fluorescence intensity at magic angle. 

Fromm Equations (2.5a) and (2.5b), / and  can be written as a function of r and Ij, 

/nn J-/r(l + 2r) (2.11a) 

II T(\-r). (2.11b) 
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Byy insertion of (2.11) in (2.10) it is verified that IMA is indeed independent of 

thee anisotropy r. Under these conditions the depolarization effects are averaged out 

andd only the population dynamics of the emissive state are measured. 

2.66 Samples 

Alq33 and 8-hydroxyquinoline (Chapters 3 and 4) were purchased from Aldrich 

andd used without purification. All solvents were spectroscopic grade and also 

purchasedd from Aldrich. 

Alq33 in a host crystal of Al(acetylacetonate)3, was grown out of a solution in 

DMF,, in a ratio of 1:1000. 

Gaqss and Inq3 were synthesized as described in literature [6]. 2.15 mmol 8-

hydroxyquinolinee was dissolved in 100 ml 1 M acetic acid. The solution was added 

dropwisee to a solution of 0.60 mmol GaCb or InCb (Aldrich) and 64.84 mmol 

ammoniumm acetate (Aldrich) in 50 ml of bidestilled water. After 1 hour of stirring, the 

yelloww crop was washed 3 times with 10 ml bidestilled water and recrystalized in 

methanoll  (Aldrich). 

Thee infrared dyes and the sol-gels [7] were a gift from Professor M. Casalboni 

fromm the University of Rome - Tor Vergata and were used without purification. 

Michler'ss ketone was purchased from Aldrich and used without purification. 

Thee blocked Michler's ketone was a gift from Professor W. Rettig from the Humboldt 

Universityy in Berlin and was used without further purification [8]. 
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