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Chapterr 2 

Experimental l 

2.11 Introduction 

Inn this chapter a description of the experimental setups used in this thesis is presented. In 

sectionn 2.2 the steady-state absorption and emission setups are described. Details of the 

picosecondd time-correlated single photon counting setup are provided in section 2.3. The 

femtosecondd fluorescence upconversion setup is described in section 2.4. Some aspects 

concerningg time-resolved fluorescence depolarization measurements, which are discussed in 

chapterr 8. are presented in section 2.5. 

2.22 Steady-state spectra 

Steady-statee absorption spectra were measured with a Shimadzu UV-Visible 

spectrophotometerr (UV-240). The light sources of the spectrometer are an iodine-tungsten 

lampp and a deuterium lamp. The wavelength range is from 190 to 900 nm. The 

monochromatorr has a holographic grating and the spectral resolution is less than 0.15 nm. 

Thee steady-state emission spectra were obtained by means of the single photon counting 

setupp that is described in the following section. At each wavelength the accumulated photon 

countt for a fixed time period was measured. The spectra were then corrected to take account 

forr the wavelength sensitivity of the photo-multiplier and the monochromator, using an 

experimentallyy determined calibration curve [1]. 

2.33 Single photon counting setup 

Thee single photon counting setup [2] consists of a picosecond laser system capable of 

producingg pulses of 1 ps width, and a time-correlated single photon counting detection 

system.. An overview of the setup is displayed in Figure 2.1. The overall time resolution of the 

setupp is around 15 ps. This setup was used to measure time-resolved fluorescence transients in 

aa time range of 15 ps to 50 ns. 
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FigureFigure 2.1: Schematic overview of the picosecond setup. PD: Photo-detector: CD: Cavity dumper: PM: photo-

multiplier:multiplier: DM: dichroic mirror. 

Thee detection method is based on a statistical technique to measure the time profile of the 

fluorescence.. After each excitation pulse an electronic '"start**  pulse is produced. A "stop" 

pulsee is created when an emitted photon is detected by the photo-multiplier. A count is 

registeredd at the time corresponding to the time elapsed between the "start**  and "stop" pulses. 

Afterr numerous repetitions, the resulting time profile reflects the temporal behavior of the 

fluorescencefluorescence transients. In our experiments, the setup was operated in the reversed mode, in 

whichh the time ordering between the "stop"*  and "start*" pulse is reversed. This configuration is 

chosen,, since the detection devices can not operate efficiently at the frequency determined by 

thee laser repetition rate. 

Thee single photon counting technique is highly sensitive and can detect emission also 

fromm processes with low quantum yields, since, effectively, only one photon per laser pulse is 

measured.. In practice, low emission intensities are required, in order to prevent overloading ol 

thee detection units. 

Thee pump source is a Coherent Innova 200-15 Ar+-ion laser, mode-locked by means of a 

Coherentt 468 mode-locker. The laser produces pulses of around 80 ps width at a repetition 

ratee of 76 MHz. The output wavelength is 514.5 nm. These pulses are used to excite a 

synchronouslyy pumped Coherent 702 jet dye laser. Different dyes could be used to achieve 
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tunabilityy ranging from the UV to the red side of the visible spectrum. In the experiments 

describedd in this thesis DCM-Spezial was used as laser dye. For this dye the excitation 

wavelengthh is tunable in the range of 620-680 nm. A saturable absorber jet was used to reduce 

thee output pulse width, and thus to improve the setup time resolution. In our case, the 

absorbingg medium was a mixture of DQTCI and DTDCI dissolved in ethyleneglycol (at an 

optimall  concentration). A Coherent 7200 cavity dumper (CD. in Figure 2.1) was mounted on 

thee synchronously pumped dye laser. The cavity dumper decreases the repetition rate to 3.8 

MHzz and increases the power per pulse. The pulse created has a duration of 1 ps and an 

energyy of 25 nJ. In most cases, the output frequency was doubled by a 6 mm BBO crystal 

resultingg in a wavelength range of 310-340 nm. This beam was used to photo-excite the 

sample.. When frequency doubling was performed, a dichroic mirror (DM in Figure 2.1) was 

usedd to separate between the frequency doubled and the fundamental beams. The residue of 

thee fundamental beam was split into two beams. The first was led to an Antel FS1010 

photodiodee (PD) from which the "stop" pulse is generated, and the other to an autocorrelator 

wheree the shape of the pulse was measured. 

Thee fluorescence at right angle to the excitation beam is first directed through a polarizer 

whichh could be set to polarize the light at either perpendicular or parallel to the excitation 

beamm for performing fluorescence depolarization measurements, or at the magic angle 

conditionn (MA=54.7°). This is further discussed in section 2.5. The fluorescence beam was 

thenn focused on the slit of a Zeiss M20 grating monochromator (600 lines/mm). The photons 

fromm the output of the monochromator are detected by a Hamamatsu R3809 U(S20) micro-

channel-platee photo-multiplier. The signal is then increased by a Hewlett Packard 8347A 

amplifierr and then sent to a Tennelec TC454 constant fraction discriminator producing the 

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

fromm the Antel 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 

outputt signal of the TAC are pulses with amplitudes proportional to the time elapsed between 

thee "start" and "stop" pulses. These are sent into an EG&G Ortec 918 multi-channel buffer 

(MCB)) connected to a personal computer. The time histograms of the fluorescence transients 

aree created in the MCB. For example, a 5ns window consists of 4096 channels calibrated for 

1.255 ps per channel. The system response function was determined by measuring the Raman 

scatteredd light of a water cell. The full width at half maximum (FWHM) is typically 17-18 ps. 
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2.44 Upconversion technique 

Thee upconversion setup was used to measure time resolved fluorescence transients 

withh a time resolution of around 300 fs. The principle of this method is based on mixing of 

thee incoherent fluorescence with the gating laser pulse in a BBO crystal, thus yielding an 

upconversionn signal [3] with a frequency, 

or, , 

—— = —[ — + — . (2.2) 

Thee intensity of the upconversion signal is, 

IIucuc(T)=]l(T)=]lJ1J1(t)l(t)lHH,,ltlltlJt-T)dt.Jt-T)dt. (2.3) 

forr which ris the time difference between the arrival of the fluorescence signal and the gating 

pulsee at the BBO crystal. It is thus possible to obtain time-resolved fluorescence transients by 

delayingg the gating beam pulse with respect to the excitation beam, by means of an optical 

delayy line. The temporal behavior of the fluorescence could be recovered by deconvolution of 

thee upconversion signal with the response function. The latter is obtained from the cross 

correlationn function of the pump and gating beams. The response function, experimentally 

determined,, has a full width at half maximum of around 300 fs. 

Ann overview of the setup is presented in Figure 2.2. The excitation source was originally 

ann Ar+ laser, which was later replaced by a Spectra-Physics Millennia X Nd:YV04 

continuouss wave diode laser. This laser pumped a mode-locked Spectra-Physics Tsunami 

Ti:sapphiree laser. The Tsunami output is a train of pulses of width of about 60 fs (FWHM) 

withh a repetition rate of 82 MHz. The output wavelength is tunable in the range 790-840 nm, 

andd the energy per pulse is about 10 nJ. The Tsunami laser was set to deliver pulses at the 

wavelengthh of 800 nm. The beam was led to a Quantronix regenerative amplifier laser system. 

Thiss system is composed of three units. The Quantronix 4800 stretcher/compressor unit 

broadenss the pulse to a width of a few ps. This is achieved by using a grating-mirror 

alignment.. Since the optical path in the grating is wavelength dependent, the red and the blue 

partss of the spectrum exit the grating-mirror alignment at different times, thus resulting in a 

widerr pulse (By choosing a different route for the incident beam, the pulse is compressed 

afterwards).. The stretching of the pulse is performed in order to avoid damaging of the 
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amplifierr during the amplification process. The stretched pulse is led to a Tksapphire 

amplifierr where the pulse is repetitively driven through a Tksapphire crystal, which was 

opticallyy pumped by an Nd:YLF laser. After typically 20 amplifications the pulse is returned 

too the stretcher/compressor where it is compressed to around 100 fs. In our experiments the 

outputt is around 500 mW at IkHz. 
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FigureFigure 2.2: Schematic overview of the femtosecond setup. MA: Magic angle polarizer 

AA beam splitter splits the output beam from the regenerative amplifier into two beams: 

thee excitation and the gating beams. The excitation beam is led to an optical parametric 

amplifierr (OPA) system. The heart of the OPA system is a BBO crystal in which two 

components,, a signal and an idler beam, are generated from the pump beam, such that. 

®® pump = °> signal + W'idler- < 2 - 4 > 
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Thee frequency of the signal beam could be changed by adapting the alignment of the 

BBOO crystal. In fact, a third harmonic of the signal beam is used to excite the sample. The 

samplee was contained in a 1 mm quartz cell, moving circular in a plane perpendicular to the 

excitationn beam. A 2 mm thick optical filter DUG 11 (from 300-400 nm) was used to block 

otherr output beams from the OPA system. The beam is first directed through a polarizer set to 

polarizee the light to the magic angle of 54.7° with respect to the vertical polarization of the 

gatingg beam, in order to eliminate transient effects originating from reorientational motions of 

thee probe molecules. The gating beam is directed into an optical delay line. It consists of a 

translationall  stage driven by a stepper motor with an accuracy of 0.1 p.m. Each step of the 

translationall  stage will delay the pulse by 0.66 fs. The fluorescence and the gating beams are 

focusedd on a BBO crystal (type I, phase matching condition) in which the upconversion signal 

iss created. 

Ass the upconversion signal is proportional to the fluorescence intensity (as long as the 

gatingg beam intensity remains constant) it is possible to measure this fluorescence as a 

functionn of time by scanning the optical delay line. The upconverted signal is sent through a 

UG111 UV cutoff filter to a Zeiss M4 QUI prism monochromator. The signal is detected by an 

EMII  9863 QB/350 photo-multiplier connected to a Stanford research system SR830DSP lock-

inn amplifier. A Newport MM3000 motion controller was used to run the translational stage. 

Thee data are collected using a personal computer. 

2.55 Fluorescence depolarization measurements 

Uponn excitation with linearly polarized light, a photo-selection of fluorophores according 

too their orientations, relative to the direction of the polarized excitation, will occur. The 

photo-selectionn is due to the random orientations of the transition dipole moments of the 

photoactivee molecules with respect to the polarization direction of the exciting light. The 

emittedd light likewise, will be polarized depending on the orientation of the transition dipole 

momentt at the time of the emission. Temporal decay in the polarization of the fluorescence 

beamm is termed depolarization. The emission could be depolarized by phenomena such as 

rotationall  diffusion of the fluorophore and internal tautomerization. because such processes 

inducee changes to the orientation of the transition dipole moments of the fluorophore during 

thee measurement. 

Usually,, fluorescence depolarization is measured from the time dependence of the 

fluorescencee anisotropy. Here the anisotropy of the fluorescence is defined as [4], 
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/ „ - / / (2.5a) ) 

inn which l\\ and IL are the emission intensities polarized parallel and perpendicular to the 

polarizationn direction (-) of the exciting light (Figure 2.3), and IT is defined as. 

/ r = / | l + 2 / 1 .. (2.5b) 

Too determine the anisotropy we consider the fluorophore as an oscillating dipole. For the 

ensemblee of oscillating dipoles. the orientation of the emitting dipole being defined by 6 and 

00 (Figure 2.3) we have. 

/u(0,0)=(cos20)) (2.6a) 

II (d,<t))(d,<t)) = (sin2dsm2<p\, (2.6b) 

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

7x=sin"Ösin"0 0 

FigureFigure 2.3: A schematic description of a fluorophore in a coordinate system. 

Thee values of 0 are distributed equally, so < sin"0 > = 0.5. By combining Equations (2.5) and 

(2.6)) the anisotropy becomes [4J. 

3 c o s - 0 -l l 
(2.7) ) 
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Wee now assume for a moment that the transition dipole moments for absorption and emission 

aree collinear. The probability for absorbing a photon, for a molecule with its transition dipole 

momentt at an angle 0 with the incident linearly polarized light is proportional to cos~ö. Thus 

thee probability function for calculating the average in Equation (2.7) is given as, 

/(0)=cos20sin0</0.. (2.8) 

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

If,, on the other hand, the absorption and emission transition dipole moments are at angle a 

wee find [4], 

.. 3cos~a-1 
rr = 0.4 (2.9) ) 

Inn liquid solution, rotational diffusion will make a time dependent, the anisotropy is no 

longerr preserved and r(t) will decay to zero. By performing measurements of the time 

dependencee of the anisotropy, the development of a with time can be followed. 

Inn most experiments described in this thesis, we have eliminated, in the measured 

fluorescence,, the transient effects due to depolarization of the emission, arising from 

rotationall  diffusion motions. To implement this in the fluorescence upconversion 

experiments,, the pump beam was polarized at an angle of 54.7° (magic angle conditions), 

withh respect to the gating beam. Likewise in the single photon counting setup, the polarization 

off  the excitation beam and the polarization of the detected fluorescence were at an angle of 

54.7°.. We shall explain this experimental arrangement in the single photon counting setup. 

Similarr explanations, however, would apply for the upconversion setup. In terms of/|| and /j., 

thee intensity of the fluorescence emission, in the single photon counting experiments, after 

beingg passed through a polarizer set at the magic angle, is given by, 

/ .M ^/ | |Cos2(54.7)+/1s in2(54.7) -^ / ||+| /1.. (2.10) 

Fromm Equations (2.5a) and (2.5b), /|| and  could be written as a function of r and IT . 

/ | l = i / r ( ll  + 2r) (2.11a) 

h^hil-r).h^hil-r). (2.11b) 

Byy insertion of (2.11) in (2.10) it is verified that I^A is indeed independent of the anisotropy r 

[5]. . 
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