Abstract

lonic organic dyestuffs fiow a rather complex behavior of aggregation, particularly in
agueous lution. To elucidate this behavior different measuring techniques are used, which
provide mnsistent results for either method, bu in comparison to ead aher they seem to
contradict themselves.

In the present Ph.D. thesis the influence of concentration, temperature, and presaure on the
aggregation behavior of the ionic azo dye add red 266 was investigated using three very
different measuring techniques.

The results of **F-NMR- and UV/VIS-spedroscopy, respediveley, can be interpreted as a
monamer/dimer-equili brium. The free ethalpies of dimerization determined by both methods
are in the same order of magnitude of rougt#i@ kJmol ™.

The enthalpy and entropy of dimerization determined by UV/VIS-spedroscopy point to a
synergism of enthalpic and entropic contributions. The positi ve dimerization entropy (+7 JK™
[tol ™) suggests an involvement of hydrogen bond between dye and solvent. Using exciton
theory, the UV/VIS-spedroscopy provide information abou the twist angle (C0 °in the pre-
and absence of eledrolyte). Furthermore, the interplanar distance between adjacent
monomeric units in a dimer are revealed.

The results of static light scattering on add red 266yielded aggregation numbers far above
small dimers. The explanation is that the method d static light scatering registers the ,, global
structure”, whereas the dorementioned methods , only* deted dimers because of neaest
neighbous interadion. Thus, the methods used give insight into dfferent levels of
aggregates organisation, hence the results found do no contradict, but advantagegously
complete eab ather. The detailed analysis of the light scatering data led to the foll owing
picture:

Withou eledrolyte the aygregates can be described as wormlike spedes having molealar
weights of about 10° githol ™ and contour lengths of roughly 300 rm, respedively, whereas the
addition d eledrolyte leads to aggregates which are best described as rigid rods. In the last
case the moleaular weights are incressed by a fador of ten, whereas the length is roughly
doulded in comparison to the dedrolyte-free solutions. These differences in the presence of
electrolyte can be interpreted as a growth in aggregates’ length and cross section.
Aggregation prenomena of ionic cyanine dyes is indicaed by the gpeaance of a new
absorption band, the so cdled Jband, having a very small half width. For this reason the
investigations were expanded on eudasocyaninediloride (PIC) and DYE A under high
presaure. The spedroscopic studies under high presaure required the design of spedal inner
cdls. These auvettes allow the extraordinarily acarate recrding of UV/VIS-spedra up to
3000 far. The determination d the pressure-dependence of the asorption, additionally to the
dimerization enthalpy via temperature-dependence, moreover, the volume ntradion o
dimerisation AV was accessble. The discusson d the AV-values, together with the twist
angles from the demnvdution d spedra & atmospheric presaure, pant to column-like or
herringbone structures, rather than linear or brickwall aggregate structures.



The significant differences in the AV-values of both dyes can be explained by the likewise
significantly different twist angles which mutually corroborate the experimental results:
A larger twist angle crresponds to a smaller overlapping area between adjacent moleaules,
which finally results in a small&V-value.

In the cae of PIC a temperature-concentration-, and for the first time a presaure
concentration- diagram was determined just as well.

The gpeaance of the J-band is frequently explained in the literature by an abrupt increase of
the aygregation number, however, in the present thesis thisis explained by a change of the tilt
angle a within the aggregates. Therefore, the aggregates geometry is of more importance than
their length. With increassing presaure or deaeasing temperature the eguilibrium of H-
aggregates shifts to the J-aggregates.

In addition to the @ove mentioned investigations, presaure induced spedral shifts were
examined to chedk the method suggested by Chan and Lindrum to determine the dipadar
couping constants of J-aggregates. Some assumptions of this method were proved to be
unjustified, hence, this method cannot be applied.

For the &o dye mngo red, the observed increase of intensity of the n- 1t*-band with
increasing pressure can be interpreted as a-treissconfigurational change.



