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Summary y 

Determinationn of the geometric and electronic structure of stable closed shell organic 

moleculess can be very well performed using contemporary experimental methods. Depending 

onn the size of the molecules the results can be reproduced or even predicted by quantum 

chemicall  calculations. A different picture occurs for open shell systems such as radical ions and 

electronicallyy excited states of these molecules. The applicability of experimental methods is 

greatlyy reduced by the short lifetime of the species. Furthermore, especially for excited states, 

adequatee quantum chemical methods do not exist or require at least a large amount of computer 

time.. In this thesis the properties of stable amines and polyamines and their derived radical 

cationss and lowest excited states are studied. Experimentally, time resolved methods are used, 

inn particular transient absorption spectroscopy and resonance Raman spectroscopy. Supersonic 

jett measurements have been performed as well, a method where the molecules are cooled close 

too 0 K. For quantum chemical calculations ab initio methods were used, especially of the 

densityy functional type. 

AA very useful discovery, found early during this study, is the similarity between the 

structuree and conformation of the radical cation and the lowest excited states of aliphatic amines. 

Thiss is due to the Rydberg character of these lowest excited states, which can be viewed as a 

radicall  cation with an electron in a distant orbital far from the core, which therefore has a small 

interactionn with the rest of the molecule. This implies that quantum chemical calculations of the 

relativelyy easily handled radical cation lead to a good approximation of the properties of the 

excitedd states, which are much more difficult to handle. 

Afterr discussing the experimental and quantum chemical methods used in chapter 1 and 

2,, the power of this combined approach is shown in chapter 3. Two rigid aliphatic amines, viz. 

l-azabicyclo[2.2.2]octanee (ABCO) and 1-azaadamantane (AADA) are studied. It is 

demonstratedd that it is possible to calculate the fluorescence excitation spectrum using the 

structuree and force fields of the radical cation and the neutral molecule by Density Functional 

Theoryy (DFT). Subsequent refinements of the geometry of the lowest excited singlet state are 

shownn to account adequately for the minor differences between experiment and the 

computationall  results obtained by using the radical cation as a model for the lowest excited 

singlett state. From our analysis it also becomes apparent that the excited states in both 

moleculess are subject to vibronic coupling with higher-lying excited states, as exemplified by 

thee presence of transitions to non-totally symmetric vibrational levels. 

Thee aliphatic cyclic diamine 1,4-diazabicyclo[2.2.2]octane (DABCO) is the subject of 

studyy in chapter 4. This molecule has been discussed extensively in the literature before, 

thereforee important structural and spectroscopic information is available. This can be compared, 
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togetherr with new experimental material, with the results from quantum chemical calculations. 

Thee radical cation and the two lowest excited singlet Rydberg states of DABCO are studied. 

Experimentally,, the radical cation of DABCO is generated by either laser flash photolysis in 

solutionn at room temperature or by y-irradiation in a Freon glass at 77 K, and its electronic 

absorptionn and resonance Raman spectra in these two media are reported. The present 

resonancee Raman spectra differ substantially from previous reports in the literature, and it is 

concludedd that previous results were in error, because of the presence of other unknown 

species.. Theoretically, the absorption and resonance Raman spectra are interpreted on the basis 

off  density functional theory calculations and wavepacket propagation methods. Furthermore, 

excitationn and multiphoton ionization spectra of the two lowest excited singlet states are 

interpretedd on the basis of DFT calculations. The close similarity between the vibrational 

spectrumm of a Rydberg state and its radical cation is successfully employed to come to a 

consistentt interpretation of the spectroscopic properties. 

Inn chapter 5 the number of nitrogen atoms is further increased. The structure of 1,3,6,8-

tetraazatricycloo [4.4.1.138]dodecane (TTD) and its radical cation are discussed. Supersonic jet 

fluorescencee excitation and emission spectra show that neutral TTD has two equivalent 

conformationss of S4 symmetry, rather than a single minimum of D2d symmetry. The potential 

energyy surface of the torsion mode which interconverts the two S4 conformations can be 

representedd with a double minimum potential involving a barrier of only 105 cm"1, i.e. 0.3 

kcal/mol.. Through this low and symmetric barrier a spectacular heavy-atom tunneling occurs, 

whichh leads to a splitting of the vibrational ground state levels by 1.4 cm"1 (4.3 x 10'° Hz). The 

S44 ground state structure is modeled correctly with the MP2/6-31G* method, but not with 

B3LYP/6-31G*.. The calculated energy difference between the S4 and D2d structures is 112 cm" 

',, which agrees very well with the experimental value. Surprisingly, B3LYP/6-31G* 

calculationss fail to reproduce this behaviour, and predict a D2d ground state structure. 

Fromm supersonic jet studies it is concluded that the first excited Rydberg state is of D2d 

symmetry,, as is the structure of the radical cation according to a combined resonance Raman 

andd computational study (at the UB3LYP/6-31G* level). This shows again that the structure of 

radicall  cations and excited Rydberg states of alkylamines closely resemble one another. 

Thee validation of the use of DFT methods for the calculation of structures of radical 

cationss and dications of amines is described in chapter 6. The performance of Hartree-Fock 

(HF),, Density Functional Theory (DFT) and hybrid HF/DFT methods on three different 

diaminee systems is compared and discussed. Geometrical features of the diamine 1,6-

diazabicyclo[4.4.4]tetradecane,, its radical cation and its dication were calculated and is 

comparedd with crystal structures and other experimental data. Furthermore two kinds of 

hydrazinee systems were calculated and are compared with their crystal structures, 2,7-
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diazatetracyclo[6.2.2.23,6.02'7]tetradecane,, its radical cation and its dication and 8,8'-bis-8-

azabicyclo[3.2.1]octanee and its radical cation, respectively. In general the B3PW91 mixed 

HF/DFTT method proves to give the best estimations of the experimental features. 

Chapterss 7 and 8 deal with more flexible diamines, the piperazines. In chapter 7 the 

focuss is on geometric and electronic structure determination of radical cations of 1-

arylpiperaziness and l-aryl-4-alkylpiperazines. Compared with 1-arylpiperidine radical cations 

theirr electronic absorption spectra are different, sometimes dramatically, by the appearance of an 

extraa absorption band with its maximum in the red or the near infrared. This indicates strong 

through-bondd interaction between the two nitrogens via the intervening a-bonds of the 

piperazinee ring. From earlier theoretical and experimental research it is known that this strong 

through-bondd interaction is not possible if the substituents at the piperazine are equatorially 

positioned,, which is their orientation (due to steric factors) in the neutral ground state. 

Therefore,, the unusual long wavelength absorption band is not only indicative of strong 

through-bondd interaction, but also of a large change in conformation to a diaxial conformer 

goingg from the neutral molecule to the radical cation. 

Timee resolved transient absorption and resonance Raman spectroscopies were used as 

experimentall  tools. The structures and force fields were calculated with density functional 

methods.. From the experimental and theoretical results it is concluded that the lowest energy 

structuress of the radical cations of 1-phenylpiperazines and l-(2-pyridyl)piperazines have their 

aromaticc substituent as well as their N-4 hydrogen or alkyl substituent in a (pseudo)axial 

position.. The through-bond interaction between both N-lone pair orbitals (which now contain 

threee electrons altogether) is now apparently so strong that it can overcome the unfavourable 

stericall  factors, which impose the diequatorial structure in the neutral state (in which the lone 

pairr orbitals contain four electrons). This has been found before for symmetrical piperazines 

(i.e.. 1,4-dimethylpiperazine) but in the piperazines studied here there is a large difference 

betweenn the oxidation potentials of the two lone pairs. It was therefore expected that the energy 

gainn resulting from through-bond interaction would be considerably smaller. Due to the strong 

interactionn in the radical cations of these piperazines the spin density is delocalized over the 

entiree molecule. 

Forr l-(4-methoxyphenyl)piperazines a different picture occurs. Due to spin 

delocalizationn into the aromatic ring through bond interaction is reduced in such a way that the 

energyy gain of through-bond interaction is much smaller. Only when the N-4 nitrogen carries a 

hydrogenn atom, i.e. in l-(4-methoxyphenyl)piperazine, the energy gain is large enough to give 

thee radical cation a diaxial conformation. However, when N-4 carries a bulkier alkyl 

substituent,, the diequatorial conformation of the neutral is more ore less retained. In these 
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piperazinee radical cations the spin and charge are localized on the l-(4-methoxyphenyl) aniline 

moiety. . 

Inn chapter 8 the 1,4-diarylpiperazines are studied in a similar way. Complete charge 

delocalizationn and therefore conformational change to a (pseudo)diaxial conformation is found 

inn case of radical cations of symmetric diarylpiperazines with weakly rc-donating aryl groups, 

suchh as 1,4-diphenylpiperazine, l,4-bis-(4-methylphenyl)piperazine, and l,4-bis-(2-pyridyl) 

piperazine.. For radical cations of diarylpiperazines with stronger donating aryl groups such as 

l,4-bis-(4-methoxyphenyl)piperazinee and l,4-bis-(4-dimethylaminophenyl)piperazine breaking 

off  symmetry occurs. The charges in their radical cations are localized on one of the arylamine 

moietiess and the substituents remain in a (pseudo)equatorial conformation. The main reason for 

thiss behaviour in the strong donor compounds is the decreased spin density on the nitrogens, 

whichh decreases the driving force for the structural reorganization required to maximize through 

G-bondd coupling. 

Inn this thesis it is demonstrated that by using a combined modern spectroscopic and 

quantumm chemical approach a very detailed insight can be obtained in the conformational and 

electronicc structure of a number of radical ions and excited states of (poly)amines, which 

hithertoo was not possible. 

178 8 


