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Summary y 

Chemicall reactions involving a transfer of a proton or a hydrogen atom between a donor 

andd an acceptor group are among the most common and most important in chemistry and 

biology.. The proton transfer reaction can be viewed as a tautomerization process, where the 

moleculee transforms between different tautomeric species, differing in the position of one or 

moree protons (or hydrogen atoms). In many cases, the most stable tautomeric form, in the 

excitedd state, is different from the most stable tautomer in the ground state. Photo-excitation, 

byy means of a laser pulse, often causes an electronic redistribution in the molecular excited 

state.. For very short laser pulses, the nuclear motions cannot adiabatically follow the laser-

inducedd sudden change in the electronic charge distribution: the impulsive photo-excitation 

preparess the molecule in a non-stationary state. A subsequent relaxation process may involve 

largee amplitude proton motions, resulting, eventually, in the most stable tautomeric form in 

thee excited state. In general, proton transfer reactions are separated into two groups: 

intramolecularintramolecular proton transfer reactions, which occur within a single molecule and 

intermolecularintermolecular proton transfer reactions, in which additional molecules, usually solvent 

molecules,, facilitate the reaction. 

Recentt advances in laser technology enable the probing of molecular processes occurring 

onn a time scale of a few femtoseconds. In the fluorescence measurements, discussed in this 

thesis,, molecules are excited by means of a laser pulse. For an emissive excited state, the 

temporall dependence of the ensuing fluorescence spectrum can then be probed. By analyzing 

thee spectroscopic data, details concerning the mechanism and the dynamics, of the chemical 

reactionn of interest, can be obtained. In particular, we focus on the study of excited-state 

protonn transfer reactions, in a few molecular systems. 

Thee proton transfer dynamics in three different molecular systems were studied, (i) For 

[2,2'-bipyridylJ-3,3'-diol[2,2'-bipyridylJ-3,3'-diol abbreviated as BPfOHh. an intramolecular double proton transfer, 

transformingg the dienol tautomer to the diketo tautomer, occurs in the excited state. After 

excited-statee relaxation to the ground state, the reverse reaction occurs. Two mechanisms are 

studiedd for the double proton transfer in the excited state: a concerted double proton transfer 

withh a characteristic time of less than 300 fs, and a two-step process, via a mono-keto 

intermediate,, with a characteristic time of less than 300 fs for the first step, and 10 ps for the 
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secondd step. Similar results have also been obtained for a few derivative compounds of 

BP(OH):.. (ii) For dipyhdo [2.3,-a:3',2'-i] carbazole. abbreviated as DPC, an intermolecular 

protonn transfer process, facilitated by protic solvents, was found. We show that the reaction 

proceedss only for "cyclic" solute-solvent complex configurations. Similar results are reported 

forr a few structural derivatives of DPC. (iii) For porphycene derivatives, a tautomerization 

process,, involving a double proton transfer reaction, was studied from fluorescence 

anisotropyy decay measurements. The influence of the solvent, temperature, excitation-energy, 

andd deuteration. on the dynamics of proton transfer reactions in these systems was studied. 

Inn chapter 1, an introduction to proton transfer reactions is presented. The mechanisms of 

intramolecularr and intermolecular proton transfer reactions are discussed, as well as some 

detailss concerning the spectroscopic measurements and the computer simulations. A review of 

previouss work on the molecular systems described in this thesis is also given. 

Inn chapter 2. we present details about the experimental techniques and the experimental 

setups.. The discussion includes a few details about the temporal fluorescence depolarization 

measurements. . 

Thee double proton transfer dynamics in photo-excited BP(OH): are considered in chapter 

3.. The reaction mechanisms in protic and aprotic solvents are compared. In aprotic solvents, it 

iss found that the nature of the solvent, the temperature and deuteration do not affect the proton 

transferr dynamics. It is concluded that the proton transfer reaction in photo-excited BP(OHh 

involvess many-atom vibrational modes. In protic solvents, however, it is found that double 

protonn transfer is hampered by the formation of a solute-solvent complex. The reaction rate of 

thee mono-to-diketo proton transfer reaction in protic solvents is found to be dependent on the 

solventt viscosity. 

Inn chapter 4, the influence of the excitation energy on the proton transfer dynamics in 

BP(OH):: is discussed. It is found that the yield of the two-step proton transfer reaction is 

enhancedd as the excitation energy is increased. The existence of a barrier in the dienol-

monoketoo pathway is inferred, the estimated barrier height being about 600 cm . Additional 

decayy mechanisms, such as IVR. are also considered. 

Chapterr 5 is separated into two parts. In the first part, we present a study of the proton 

transferr dynamics in singly- and doubly-methylated derivatives of the BP(OHh molecule. We 

findfind that the proton transfer dynamics of the double methylated compounds is similar to the 

protonn transfer dynamics of BP(OH):. The singly methylated derivative has a lower point 

symmetryy than the BP(OH); molecule. For the singly methylated derivative, the yield of the 

two-stepp proton transfer reaction is lower than for BP(OH)2. This is attributed to the role of 
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thee vibrational modes promoting the different proton transfer mechanisms. The second part of 

chapterr 5, contains a study of the dynamics of BPfOH)? in two sol-gel glasses. In general, the 

protonn transfer dynamics of BP(OHh in the sol-gel compounds is similar to the dynamics 

measuredd in liquid solutions. However, some minor differences between the results of 

BPfOHhh dissolved in solution and in sol-gel compounds were observed. For example, the 

emissionn spectra are slightly blue-shifted with respect to the liquid solvent spectra, and the 

mono-to-diketoo proton transfer for BP(OHh in sol-gel compounds is faster. The differences in 

thee dynamics of BP(OH)2 dissolved in liquid solvents and sol-gel compounds are attributed to 

solvationn effects, that are absent in the sol-gel compounds. 

Protonn transfer dynamics in structural derivatives of BP(OH):, showing only a single 

protonn transfer reaction, are discussed in chapter 6. In one derivative, a single hydroxyl group 

iss attached to the bipyridyl moiety, and thus only single-proton transfer within the molecule is 

possible.. In a second derivative compound, a strongly electron withdrawing substituent is 

attachedd to the bipyridyl group in BP(OH)2. Though a double proton transfer seems possible 

forr this molecule, it was found that in fact only a single proton transfer occurs. 

AA study of the solvent-assisted proton transfer dynamics of DPC and some structural 

derivativess of this molecule is presented in chapter 7. From fluorescence measurements, 

conductedd for the molecules dissolved in a few protic solvents, it is concluded that two fast 

protonn transfer mechanisms exist. The first evolves with a typical time of -0.5 ps and the 

otherr with a typical time of 6-10 ps. It is argued that only cyclic solute-solvent complexes are 

involvedd in the proton transfer. An additional radiationless decay process, with a time 

componentt of about 30-100 ps. is related to "blocked" solute-solvent complexes. These 

complexess do not participate in the proton transfer reaction. Results from deuterated samples 

aree suggestive of a thermally averaged proton/deuteron tunneling in the photo-excited 

"cyclic"" solute-solvent complex. 

Finally,, in chapter 8, we present picosecond fluorescence and depolarization studies of 

twoo derivative compounds of porphycene. These compounds have four nitrogen atoms in the 

innerr core of the molecule. Two of the nitrogen atoms are bonded to hydrogen atoms. From 

time-dependentt fluorescence anisotropy measurements, a fast tautomerization process, where 

thee two hydrogen atoms are exchanged among the nitrogen atoms in the inner core, is inferred 

forr one of the compounds. In the other compound, no such tautomerization process is 

observed.. The results are related to the differences in the distances between the inner core 

nitrogenn atoms in the various porphycene derivative compounds. 
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