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Kurzfassung 

Die moderne Anrege-Abfrage-Spektroskopie (Pump-Probe-Spektroskopie) ermöglicht es, 

die Mehrheit der relevanten physikalischen und chemischen Prozesse zeitaufgelöst zu mes-

sen. Die Pump-Probe-Spektroskopie wird in der fundamentalen, industriellen, biomedizini-

schen und Umweltforschung angewendet, um ein breites Spektrum von komplizierten Sub-

stanzen zu untersuchen. Diese Dissertation demonstriert das große Potenzial der transienten 

Spektroskopie für die Untersuchung von ultraschnellen chemischen Reaktionen komplizier-

ter organischer Moleküle (Allylverbindungen). Auch einige praktische Vorschläge zur Ver-

besserung der spektroskopischen Messroutine werden gegeben.  

Die Bestimmung des Zeit-Nullpunkts (zeitlicher Überlapp) der Anrege- und Abfragepulse ist 

sehr wichtige und keine triviale Aufgabe in einem Anrege-Abfrage-Experiment. Im Kapitel 

3 werden die Ergebnisse der Untersuchung von bekannten Laserfarbstoffen und anderen 

Substanzen, die erfolgreich zur Zeit-Nullpunkt Kalibrierung benutzt werden können, be-

schrieben.  

In den Kapiteln 4 und 5 werden die Ergebnisse der spektroskopischen Untersuchung von ei-

nigen interessanten Allylsystemen präsentiert. Es ist uns gelungen zu zeigen, dass die spezi-

fische molekulare Einheit (die Styrolgruppe) als Chromophor dient, was während der UV-

Anregung von Allylen mit Kurzpuls-Lasern zur Lokalisierung der Anregung auf der Sty-

rolgruppe führt. Durch die Benutzung dieser Eigenschaft und den Wechsel von Abgangs-

gruppen und Substituenten haben wir detailiert den Bindungsbruch und die geminate Ionen-

paar-Rekombination von unsubstituierten, symmetrisch und unsymmetrisch substituierten 

Allylsystemen untersucht. 
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Short summary 

Starting from milliseconds and finishing on femtoseconds, modern pump-probe spectroscop-

ic techniques cover the timescales of the most important physical and chemical processes. 

Current investigations in the field include a wide variety of complicated and complex classes 

of compounds that are of particular interest in fundamental research as well as in environ-

mental studies, industrial and biomedical applications. This thesis demonstrates the great 

value of the transient spectroscopy in the investigation of the ultrafast chemical reactions of 

complicated organic substances (allyl compounds) and also gives some practical hints to im-

prove measurement routines of transient absorption spectroscopy.  

Determination of the time zero point (temporal overlap) of pump and probe pulses is a very 

important and sometimes not trivial task in transient absorption experiments. Chapter 3 pro-

vides the results of the investigation of some popular laser dyes and other substances which 

can be successfully used as time zero determination substances. 

The results of the spectroscopic investigation of the allyl systems are presented in Chapters 

4 and 5. We managed to show that a specific molecular moiety (styrene group) serves as a 

chromophore, leading to the localization of excitation on styrene during the UV laser excita-

tion of allyls. Using this feature and changing leaving groups and substituents allowed us to 

study in detail bond cleavage and geminate ion pair recombination dynamics of unsubstitut-

ed and symmetrically and unsymmetrically substituted allyl systems.  
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pact and efficient light-sensing devices. Photodetectors are used today practically every-

where: in camera light meters, street lights and traffic counters. Fiber optics allows sensitive 

equipment to work in electrically noisy environments. Optical sensors have improved effi-

ciency and reliability of control systems. With the advance of analytical techniques it be-

came possible to investigate more and more complicated processes occurring at very short 

times (blink of an eye that lasts approximately 100-400 ms is too slow to resolve atomic-

scale dynamics � see Fig. 1.1) 

The methods of visible, ultraviolet (UV) and infrared (IR) spectroscopy are undoubtedly 

among  the most powerful methods of modern-day science. Along with nuclear magnetic 

resonance (NMR) spectrometry they represent all analytical techniques able to measure both 

quantitatively and qualitatively the interaction of electromagnetic radiation with matter.  

Since 1947, when the first combined UV-visible absorption spectrometer was produced, 

spectrophotometers have become workhorses in every laboratory concerned with the identi-

fication and measurement of organic and inorganic compounds in a wide range of products 

and processes - in nucleic acids and proteins, foodstuffs, pharmaceuticals and fertilisers, in 

mineral oils and in paint.    

Modern pico- and femtosecond laser techniques provide the possibility for many scientists 

investigating in various fields � from chemistry and physics to biology and medicine, to ob-

serve atomic and molecular events on a real-time scale. Many concepts that eventually 

evolved into present-day pump-probe and flash photolysis experiments have been estab-

lished long time ago.  

Thus, already in 1878, advances in photography allowed Eadweard J. Muybridge to make, in 

fact, the first time-resolved photographic images of creatures in motion, and among them the 

famous picture of the running horse (Fig. 1.2).    



 

3 

 

 

Figure 1.2: The Horse in Motion by Eadweard Muybridge. "Sallie Gardner," owned by Le-

land Stanford; running at a 1:40 gait over the Palo Alto track, 19th June 1878 

(adapted from the Wikimedia Commons: 

http://en.wikipedia.org/wiki/File:The_Horse_in_Motion.jpg).    

The history of modern pump-probe optical spectroscopy began in 1949 when George Porter 

developed new high-power flash lamps and used them for studying fast photochemical reac-

tions. New lamps allowed him to produce a high concentration of intermediates in chemical 

reactions and to monitor the evolution of their spectra by means of the flash probe. Refined 

and improved (with lasers as the pump sources and probe beams that are generated by non-

linear optical processes such as stimulated Raman scattering, high harmonic generation, 

stimulated emission or broad-band continuum generation), these techniques transformed into 

two major methods of pump-probe optical spectroscopy: laser flash photolysis (LFP) and 

transient absorption (TA) spectroscopy. Although predominantly home-built, there are some 

commercial models of transient absorption spectrometers and laser flash spectrometers on 

the market (Fig. 1.3).       
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Figure 1.3: View of a commercial laser flash spectrometer system  from Edinburgh Instru-

ments (top) (adapted from 

http://www.edinburghphotonics.com/spectrometers/lp920-series/) and a com-

mercial TA spectrometer from Ultrafast Systems (bottom) (adapted from 

http://www.ultrafastsystems.com/helios.html). 

Both methods have their positive traits and their drawbacks. To understand their origin, one 

should understand major differences of these two methods. Thus, in the classical LFP tech-

nique, the short intense laser pulse from a nanosecond pulsed light source creates transient 

species such as excited states, radicals or ions.  The associated absorption changes of the 

sample are recorded using a spectrally continuous xenon lamp (probe source).  In contrast, 

ultrafast TA spectrometers employ two laser pulses for pump and probe. On the one hand, 

because of the high intensity of the pump source, LFP spectrometers allow working with the 

samples of lower (approx. 100 times) concentration, which can be critical in some cases (bi-

ological samples). On the other hand, in case of TA spectroscopy the use of ultrabroad con-

tinuum as probe sources, and ultrashort femtosecond pulses for pump, much higher spectral 

and time resolutions are achievable. Each user, depending on his needs, should decide for 

one (or both) of the techniques.  
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Starting from milliseconds and finishing on femtoseconds, modern pump-probe spectroscop-

ic techniques cover the timescales of the most important physical and chemical processes. 

Technical advances in the field enable wide broadening of the range of systems and process-

es investigated with TA spectroscopy and LFP. Thus, early studies were focused predomi-

nantly on relatively small molecules, including simple organic compounds and metal com-

plexes [Orz10]. Current investigations include a wide variety of far more complicated and 

complex classes of compounds that are of particular interest in fundamental research as well 

as in environmental studies, industrial and biomedical applications.  

Because of the fact that all experimental data in this thesis were obtained using the TA spec-

troscopy method, let us describe only some interesting experimental objects for application 

of this technique (because the amount of experimental scientific knowledge is growing rap-

idly):  

• Investigation of reaction mechanisms. TA spectroscopy is a very convenient tool 

for studying light-induced photoreactions. One of the most extensively studied reac-

tion patterns is cis-trans isomerization, with azobenzene as the most interesting and 

popular optical switch moiety. Different classes of azobenzene were investigated in 

detail [Näg97, Ban12], allowing the construction of azobenzene-based molecular 

machines and optically active materials [Wac11, Nor04, Rus10]. Among the other 

compounds for the cis-trans photoisomerization studies one can name hemithioindigo 

as a complex prototype for cis-trans isomerization [Nen10] and photoactive yellow 

protein (PYP) [Cha09]. One more typical pattern of the reaction studied with the TA 

spectroscopy is reversible bond cleavage.  It is of vital importance of having a spec-

trally broad detection window in order to fully resolve the signatures of all relevant 

photoproducts. Modern TA methods allow to simultaneously monitor several reac-

tion channels, as it was shown in [Meg09] for the photodissociation of diphenylme-

thyl chloride. It was shown, that two competing reaction channels, namely the for-

mation of radical pairs (homolysis), and the formation of ion pairs (heterolysis), ex-

ist. Because of complexity of molecular systems of interest a combination of both 

theoretical and experimental methods is often necessary for a complete characteriza-

tion of a system.  

• Natural and artificial photosystems. Investigation of the natural and development 

of the artificial photosystems is nowadays one of the most rewarding research topics. 

Operation of any photosystem is based on radiation-induced electron transfer pro-
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cesses. Therefore both natural and synthetic photosystems are rewarding subjects of 

TA spectroscopy studies. Significance of this technique is twofold: elucidation of the 

reaction mechanisms occurring in bacterial and plant photosystems, as well as assis-

tance in development of artificial photosynthetic systems capable of solar energy 

conversion. Thus, femtosecond visible pump/mid-infrared probe and visible 

pump/visible probe TA spectroscopy was used by A. Stahl and coworkers to gain in-

sight into the energy transfer in the light harvesting complex II (the most abundant 

membrane protein in higher plants and green algae) occurring on the femtosecond 

time scale [Sta09]. Honda et al. have comprehensively studied the light-harvesting 

mechanism in polymer:fullerene:dye ternary blends by means of TA spectroscopy. 

Their findings provided experimental evidence that ideal interfacial structures can be 

fabricated even by a simple spin-coating from blend solutions, which will help in de-

signing efficient polymer solar cells with the ternary blend bulk heterojunction active 

layer [Hon11]. One interesting example of building block for supramolecular chro-

mophoric structures is naphtalenediimides (NDIs). Efficient charge separation in the 

picosecond range and length-dependent charge recombination make these multi-

chromophoric NDI systems potential building blocks or complex photoactive devic-

es. Pugliesi et al. elucidated the mechanism responsible for the fluorescence quench-

ing in a set of 2,6-sulfanyl-core-substituted NDIs [Pug10]. In the development area 

one of the promising concepts is hybrid solar cells, a combination of organic and in-

organic nanoscale semiconductors, that allow to benefit from the advantages of both 

material types. Using a novel broadband (UV-Vis-NIR) TA spectroscopy with a time 

resolution of 40 fs, Herrmann et al. were able to directly monitor the primary pho-

toinduced processes in hybrid P3HT polymer/silicon thin films heterojunctions 

[Her11].  The study of natural light harvesting systems and the development of artifi-

cial photosystems is an open field of research for both fundamental and practical 

purposes. 

• Study of nanoparticles and nanomaterials. Experimental investigation and model-

ing of the new properties of nanoobjects and nanomaterials has become an intense 

field of research during the last years. This interest was motivated by the possibility 

of modifying these properties, playing with size, geometry, structure and composition 

of a nanoobject. Thus, Baida et al. investigated the properties of a single metal nano-

particle using the spatial modulation technique with a pump-probe setup [Bai11]. 

Since the size, shape and chemical composition of semiconductor nanocrystals con-
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trol their resulting optoelectronic properties, Peng et al. used transient absorption 

spectroscopy to study how the changes in the chemical composition of CdS-Ag2S 

nanorods influence electron relaxation dynamics [Pen10]. The renewed interest in 

graphene composite architectures motivated Muszynski et al. to investigate the gra-

phene-gold nanocomposites as new catalyst materials. Using TA spectroscopy, they 

managed to show that the optical properties of gold nanoparticles were not signifi-

cantly influenced by the surrounding medium of graphene [Mus08].       

• Biological and biomedical studies. Life on the Earth benefits from sunlight to a 

great extent: plants use the sun electromagnetic radiation as the main source of ener-

gy via the processes of natural photosynthesis, in various biological photoreceptors 

sunlight provides signals for development and movement of the organism, and vision 

is the main source of information for advanced organisms. On the other hand, the 

most energetical UV part of the sunlight, in particular when absorbed by DNA, can 

have deleterious effects like cell death, mutations and cancer. Therefore one of the 

most important topics is investigation of mechanisms of formation and repair of UV-

induced lesions in DNA. Inducing certain lesions by a short laser pulse � and thus 

synchronizing the activity of a whole model system � opens the way to unprecedent-

ed time resolution and hence detailed understanding of mechanisms of the formation 

and repair of the two primary lesions, namely cyclobutane-pyrimidine dimers 

[Schr09] and (6-4) lesions [Har10]. One more important field of research is under-

standing interactions between drugs and biological macromolecules. TA spectrosco-

py is used here for monitoring photophysical behavior of excited drugs, that is very 

sensitive to medium. Data gained from such investigations enable determination of 

the distribution of the drug within a certain protein [Mon08]. A number of medical 

therapies (particularly photodynamic therapy of cancer) also profit from the power of 

TA spectroscopy. Thus, the molecular mechanisms of the reactions of one of the 

mostly used anticancer drugs cisplatin with one of the photosensitizers, as well as the 

effects of the molecular reaction mechanism on the resultant DNA damage in the 

combination therapies of cisplatin with UV/ionizing radiation and with photodynam-

ic therapy, were investigated in [Lu07].          

• Biomimetic synthesis. This is the attempt to follow biosynthetic pathways without 

the aid of enzymes. As shown by Beaudry et al. [Bea05], biomimetic electrocycliza-

tions have proven to be very effective in the construction of structurally highly com-
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plex natural products. At present time, very little is known about catalysis in electro-

cyclizations. Transient absorption spectroscopy can be here a very valuable aid. 

 

 

As one can see, the field of research contains a lot of topics and is still growing. Although all 

of them are equally important, this thesis is mainly devoted to the investigation of the com-

plicated allyl systems by means of the TA spectroscopy. The structure of the thesis resem-

bles the structure of a standard scientific publication and is the following: the description of 

the experimental methods in detail is presented in chapter 2 (�Materials and methods�). The 

chapter 3 (�Transient absorption spectroscopy of time zero calibration substances�) deals 

with the investigation of a number of well-known laser dyes and organic substances in order 

to find the best suited time zero point determination substance.  The chapter 4 (�Photoin-

duced dynamics of unsubstituted 1,3-Diphenylallyl chloride and its photoproducts�) is de-

voted to the investigation of the reaction mechanism of the photoinduced generation of radi-

cals and cations using the simplest unsubstituted model system. As a logical sequel of it, the 

chapter 5 (�Influence of unsymmetric substitution on the photoinduced dissociation dynam-

ics of diphenylallyl and diarylallyl systems�) presents the results of the investigation of the 

complicated dissociation behaviour of photogenerated products generated from unsymmetri-

cally substituted allyl species. The last chapter 6 (�Conclusions�) summarizes the obtained 

results and places them among other studies in the system of TA spectroscopy knowledge.    
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Table 2.1: Allyl compounds investigated in this work together with empirical electrophilicity 

parameters E of the corresponding cations and the absorption maxima of radicals and cations 

in CH3CN. 

 

   
lmax / nm 

X Y L a Abbreviation E 
b Rad Cat 

H H Cl 1(HH)-Cl 2.70 356 490 

H H OAc 1(HH)-OAc 2.70 355 487 

4-Me 3,5-F2 OAc 1(MeFF)-OAc --- 360 490 

3,5-F2 4-Me OAc 1(FFMe)-OAc --- 360 490 

H H PPh3 1(HH)-PPh3BF4 2.70 c 488 

4-Me 4-Me PPh3 1(MeMe)-PPh3BF4 1.23 c 518 

3-F 3-F PPh3 1(FF)-PPh3BF4 4.15 c 495 

4-Me 3,5-F2 PPh2Me 
1(MeFF)-

PPh2MeBF4 
--- c 494 

a Leaving group of the 1,3-diarylallyl compound; Cl and OAc can leave as radicals or ani-

ons, PPh3 and PPh2Me only as neutral molecules 

b Electrophilicity parameter of the corresponding 1,3-diarylallyl cations from reference 

[Tro11] 

c No radicals detected 

 

2.1.2 Sample handling 

If not mentioned else, all investigated compounds were used in liquid form. For the prepara-

tion they were dissolved in spectroscopic grade solvents purchased from Sigma Aldrich 

Chemie GmbH without further purification. As a rule, all samples were prepared shortly be-

fore each transient absorption experiment in order to minimize the possibility of changes of 

the sample (e. g. degradation) with time.    
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• Stimulated emission (SE). During the process of stimulated emission a photon of 

the probe pulse induces emission of the photon from the excited chromophore, which 

returns to the ground state. SE (that occurs only for optically allowed transitions) to 

the ground state will have a spectral profile that resembles the fluorescence spectrum 

of the excited chromophore. The photon produced by SE is emitted in the same direc-

tion as the probe photon, and hence both photons will be detected. Resulting in an in-

crease of light intensity on the detector, SE corresponds to a negative signal in the 

DOD spectrum.  

• Excited-state absorption (ESA). The pump beam may induce optically allowed 

transitions from the lower to higher excited states of  a chromophore in certain wave-

length regions. The probe pulse will be absorbed at these wavelengths and a positive 

signal in the DOD spectrum is observed in the wavelength region of the ground-state 

absorption. 

• Product absorption. After excitation of a photobiological or photochemical system 

reactions may occur that result in a transient or a long-lived molecular state (e. g. tri-

plets, isomers, charge-separated states). The product absorption will result in a posi-

tive signal in the DOD spectrum. Sometimes (when irreversible) a formation of oli-

gomers and dimers plays a negative role, depleting the amount of the investigated 

chromophore. 

 

 

 

 

 

 

 

 

Figure 2.1: Contributions to a DOD spectrum (DCM laser dye in ethanol). Excitation wave-

length: 278 nm.  
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2.2.3 Home-built TA spectrometer 

A careful description of the experimental setup and the handling of samples is essential in 

understanding the details which allow to fully exploit the capabilities of TA spectroscopy 

technique [Fog01]. The TA spectrometer used in the experiments was constructed under full 

consideration of all technical and conceptual developments available in the last few years. Its 

unique features and high technical flexibility allow to use it for the investigation of a wide 

range of spectroscopic problems with the highest quality of the obtained data.  Figure 2.2 

shows a general scheme of the experimental setup, the most relevant components (photos 

can be found in the Appendix A) of it are: 

• Laser system used for the pump pulse generation. As a pump source one of the 

two systems (depending on the required excitation pulse characteristics) is used. 

For the experiments with femtosecond time resolution (later: femtosecond TA ex-

periments) we use a regenerative Ti:Sa amplifier system (CPA 2001; Clark 

MXR). The laser provides a train of femtosecond (150 fs) pulses at 1 kHz with 1 

W of average power at the central wavelength of 775 nm. The pulse energy is 

about 1 mJ. For the pump pulse a fraction of fundamental pulse (200-250 µJ) is 

used to operate a two-stage noncollinearly phase-matched optical parametric am-

plifier (NOPA). The NOPA, together with a second harmonic generation (SHG) 

stage provides pulse tunability from the region of fundamental of about 750 nm 

down to about 240 nm. A fused silica prism compressor is used to achieve pulse 

durations below 30 fs. With such short pulses it is possible to access most of the 

dynamics occurring in the excited electronic states: internal conversion (IC), in-

tramolecular vibrational relaxation and many other processes leading to reactive 

pathways [Fog01]. For the experiments with nanosecond time resolution (later: 

nanosecond TA experiments) a tunable Nd:YAG laser system is used (NT242; 

EKSPLA). Comprised of the pump laser, second and third harmonics generators, 

optical parametric generator and sum frequency generator in one device, the sys-

tem provides a train of nanosecond (3 ns) pulses at 1 kHz and is continuously tun-

able from NUV (225 nm) to NIR (2600 nm).      

• Laser system used for probe pulse generation. Continuum generation is utilized 

for the production of the probe pulse. The white pulse is obtained by tightly focus-
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ing of approximately 1 µJ of the Ti:Sa fundamental into a 5-mm CaF2 plate. The 

spectrum of the pulse extends from 290 to 720 nm [Meg09].  

• Device for the creation of time delay between pump and probe pulses. Contra-

ry to the simple model of TA spectroscopy, we do not change the delay of the 

probe pulses, but rather the pump pulses are delayed. Depending on the pump 

pulse system, either mechanical (femtosecond TA experiments) or electronic (na-

nosecond TA experiments) delay systems are utilized. The mechanic delay system 

utilizes a retro reflector mounted on a computer controlled linear stage. The in-

duced absorption changes can be followed up to times given by the length of the 

delay line, from Dt = -50 ps to about 1.7 ns. The electronic delay system is based 

on the electronic delay generator and allows monitoring of the induced absorption 

changes from Dt = -50 ns to about 700 µs. In our standard scanning routine the de-

lay scale is chosen to be linear between      -1 and 1 (ps / µs) and then exponential 

after 1 (ps / µs).      

• Flow cell. Using flow cells instead of conventional cuvettes allows to avoid pho-

todegradation or accumulation of photoproducts in the probed volume. In case of 

the femtosecond TA experiments flow cells with 200-µm windows and 110-µm 

spacer thickness are utilized, in order to reduce the coherent artifact [Lor02] and 

the group velocity mismatch [Koz05]. For the nanosecond TA experiments stand-

ard fused silica flow cells with 1 mm sample thickness (Hellma) are used. Usually 

the investigated sample was poured into a standard 5-mL glass flask with septum 

(allowing safe and stable connection with a help of a needle to a pump system).  

Two models of pumps were used: a micro annular gear pump (mzr-2921-M2; 

HNP Mikrosysteme GmbH) and a standard peristaltic pump (MCP ISM-404; Is-

matec Laboratoriumstechnik GmbH). Some important improvements were intro-

duced by the author in connection with the flow cell operation. Firstly, convenient 

standard catheter connectors allowing quick interchange of needles were intro-

duced. Secondly, a convenient controller for the micro annular gear pump mzr-

2921-M2, containing all controls in one small box, was built.  

• Multichannel detection. Multichannel detection is achieved by sending the probe 

pulse after passing through the sample to a prism-based polychromator coupled to 

a CCD-based detector (Entwicklungsbüro Stresing). Chopping of the pump light 

allows to avoid the use of a reference channel.  

 



 

15 

 

 
 

In order to avoid the observation of relaxation phenomena not directly connected to excited 

state dynamics, measurements are made at the magic angle (excitation and probe pulses are 

linearly polarized at approx. 54.7 ” one respect to the other) [Lak06]. 

The setup provides the overall sub-50 fs (in case of femtosecond TA experiments) or 3 ns  

temporal resolution. Detection sensitivity of the setup is DOD = 10-4 over the whole spectral 

range. The use of high transmission prism-based polychromator allows to cover the complete 

range of the CaF2 continuum (290-720 nm) with high efficiency.  

The flexibility of the experimental setup is one of its major advantages. All components are 

interchangeable e. g., the probe supercontinuum can be shifted further towards the mid IR, 

more advanced compression techniques to obtain shorter excitation pulses can be used, dif-

ferent configurations of the flow cell are possible. 

 

Figure 2.2: Schematic layout of the home-built broadband transient absorption spectrometer. 

The configuration for femtosecond TA experiments (top); the configuration for 

nanosecond TA experiments (bottom).  
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The determination of yields of specific processes (e. g. electron transfer, geminate recombi-

nation) requires fitted transient absorption amplitudes of the corresponding processes. The 

following relationships between the process fit amplitudes have been used: 

 

  - fraction of the cation-anion pairs that undergoes geminate                                      

recombination. 

 

  - fraction of radical pairs generated by homolysis that undergo 

electron transfer leading to ion pairs. 

 

  - fraction of radical pairs which are separated by diffusion to give 

rise to free radicals.  

 

  - fraction of radical pairs that undergo geminate recombination back 

to the precursor. 
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3. Transient absorption spectroscopy of time zero calibration substances 
 
3.1 Organic laser dyes: applications and studies 
 

The development of organic laser dyes � molecules, containing an extended system of con-

jugated bonds, started in 1960s, after the invention of the first dye laser. Phtalocyanine and 

rhodamine 6G were among the first laser dyes, and in the next years various other com-

pounds were reported for this purpose [Scf90].  

Laser dyes can be divided into two classes [Pav74]: 

1. Classic organic dyes. To this category belong rhodamine 6G, fluorescein, coumarine 

family and others. In these molecules benzene rings or their heterocyclic derivatives are 

placed adjacent to each other, as in naphthalene, anthracene, acridine etc. In accordance 

with dyestuff theory, an organic dye is formed by the substitution of a hydrogen atom(s) 

in a chromophore by a so-called auxochromic group(s) like R2N, RHN, H2N, HO, RO. 

The fluorescence region (laser action region) of these compounds stretches from the vio-

let to the near-infrared region.   

2. Organic scintillators. To this category belongs a well-known substance p-terphenyl. 

These compounds are not organic dyes in the classical sense, since they contain no auxo-

chromic groups. ‘The fluorescence region of these compounds extends from the near ul-

traviolet to the blue.  

 

Photophysics of many laser dyes was extensively studied by means of steady-state and tran-

sient absorption spectroscopy [Hor95, Mac00, Mar95, Asi90, Lew98, Agm90, Pom95, 

Kov97, Pav74, Sah92, Liu11, Mrc87]. The main aims of the majority of the studies was � on 

the one hand the elucidation of the most efficient laser dye � with the lowest laser action 

threshold and the highest efficiency, and, on the other hand, the study of the processes that 

could decrease the laser efficiency � such as triplet states [Pav74, Asi90].  

Nowadays the application of the laser dyes has shrunk since dye lasers were replaced in 

many cases by the optical parametric amplifiers. However, new applications are arising.  

One very promising area for the application of dyes is their use as photosensitizers in nano-

crystalline TiO2 solar cells. Dyes possess the following advantages: their large absorption 
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coefficients lead to efficient light-harvesting properties, their structural variety provides pos-

sibilities for molecular design, last not least is their low cost [Har03]. 

In this thesis we will investigate one more application of the laser dyes: their use as the time 

zero point determination substances. 

 
3.2 Laser dyes application for the finding of the time zero point of the transient 

absorption spectrometer 
Finding of the time zero point (temporal overlap) of pump and probe femtosecond pulses is 

not a trivial task in TA experiments with broadband detection, where a broad supercontinu-

um (for example, CaF2 white light) is used as a probe pulse. Even more seriously, it can be a 

very challenging task in case of two-color transient absorption spectroscopy, where single 

wavelength excitation and probe pulses are applied (in all cases when high sensitivity is re-

quired) [Loc00, Joh03]. In case of the TA experiments with a nanosecond time resolution 

this can be done by measuring of the time delay between both pulses with a photodiode. 

However, the most precise way is the application of special substances that have long-lived 

(nanoseconds or better microseconds) and strong and broad transient absorption signals (in 

the optimal case � in the whole spectral region of possible probe wavelengths). In that case 

the procedure of the time zero determination can be the following: if the strong transient sig-

nal is observed, it means that the pump pulse comes after the probe pulse, and absence of 

signal indicates that the pump pulse comes before the probe pulse. The time zero point is 

such a delay between pump and probe pulses, at which the transient signal becomes to be 

detectable. The bisection method can be applied for the quickest finding of the time zero 

point. The following flow chart (see Figure 3.1) illustrates a possible sequence of actions in 

the time zero determination procedure. Since the determination of the zero point belongs to 

almost everyday routine, and should be done quickly and not complicated, we made a sys-

tematical study of some available laser dyes and some other molecules in order to create a 

�library� containing the stationary and transient absorption spectra of compounds which can 

be used for the time zero determination at different pump and probe wavelengths (see Figure 

3.2). Four laser dyes and three non-dye organic substances are in details discussed in this 

chapter, the spectral data for a number of other dyes is presented in the Appendix B.     
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Figure 3.1: The possible sequence of actions for the time zero point determination. �Go� 

means changing the delay between pump and probe pulses.    
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Figure 3.2: Various substances used for the time zero determination. The positions of the 

maxima of the absorption bands and relative values of stationary absorption sig-

nals are shown.    
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The following criteria were defined as the characteristics which an �ideal� substance for the 

zero point determination should possess: 

• Broad absorption band covering the region of possible excitation. 

• Strong transient absorption signal covering the whole spectral region of the probe 

continuum or selected probe wavelength. 

• Robustness of the substance to laser radiation � it should be possible to use a stand-

ard absorption cell without a need to exchange the substance constantly. 

 

Practically the tested laser dyes and some other organic molecules possessed strong absorp-

tion bands in UV region. All substances were dissolved in the solvents which were chosen 

on the basis of their minimal toxicity. The concentrations were set in such a way to reach an 

optical density of 0.5 at the excitation wavelength in a 1-mm standard absorption cell made 

from fused silica (Hellma). Stationary absorption spectra were recorded before and after eve-

ry transient absorption measurement in order to test the substances for possible degradation 

induced by the pump laser beam. All substances except one showed no photodegradation or 

structural changes which could be noticed in the post-measurement stationary absorption 

spectra.  

To test if the substances give strong transient absorption signals under UV excitation, each 

substance (after recording of the stationary absorption spectrum) in the standard absorption 

cell was placed in the femtosecond transient absorption spectrometer (described in detail in 

the Chapter 2). In order to obtain the same experiment parameters for every substance, the 

pump and probe parameters were set in each case to the standard (used in the majority of 

transient absorption experiments) values: excitation beam wavelength (frequency-doubled 

and compressed output of NOPA) in all cases was between 270 and 280 nm (shown in Fig-

ures 3.3a and 3.3b). The pump pulses had energy of »100 nJ and duration less than 50 fs. 

The beam diameter at the sample was »100 mm. The relative polarization between pump and 

probe beams was set to the magic angle value (54.7°). The CaF2 - continuum ranging from 

300 to 700 nm was used as a probe beam.   
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Rhodamine 6G
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Figure 3.3: Transient absorption spectra after UV excitation of the laser dyes tested for their 

application for the time zero determination purposes. DCM (4-dicyanmethylene-

2-methyl-6-(p-dimethylaminostyryl)-4H-pyran) in ethanol (a) (lex=278 nm); 

coumarin 152A in ethanol (b) (lex=271 nm); p-terphenyl in cyclohexane (c) 

(lex=272 nm); rhodamine 6G in ethanol (d) (lex=278 nm).     

Figures 3.3 and 3.4 represent the resulting transient absorption spectra of the selected organ-

ic dyes. All tested substances were chosen because they possess strong transient absorption 

bands in the region of the CaF2 continuum used as a probe beam in our transient absorption 

spectrometer. Since the excitation parameters were the same at every measurement, the tran-

sient absorption values are comparable without scaling.  

The broadband TA spectroscopy is a very convenient tool for elucidation of the ultrafast 

photophysics of dyes and similar substances. Some of the tested substances (for example, 

DCM and coumarin 152A) showed complicated photophysical behavior, which was exten-

sively studied by some research groups. This behavior deserves further discussion and ex-

planation. 
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Figure 3.4: Transient absorption spectra after UV excitation of the organic substances tested 

for their application for the time zero determination purposes. Riboflavin tetraac-

etate in ethanol (flavin) (a) (l ex=274 nm); 2-(2-Hydroxyphenyl)benzothiazole 

(HBT) in ethanol (b) (l ex=278 nm); styrene in ethanol (c) (l ex=280 nm).   

 

The widely used (because of its broad tunability and high conversion efficiency styryl laser 

dye DCM was extensively studied by a number of research groups, mainly because of the 

interesting nature of its excited fluorescent states [Mar95, Pom95, Mac00]. The steady-state 

absorption and emission spectra (related to S0® S1 and S1® S0 transitions) of DCM in etha-


