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Abstract
Study on Microstructure of Amphiphilic Porphyrin Adsorbed

at Oil/Water Interface

Tanta Avianda Gusman
Department of Chemistry, Graduate School of Science, Osaka University, Japan

Porphyrin aggregation is one of interesting research fields because it is considered as a key process for
bottom-up nanotechnology and it has potential application in photocatalysis, sensors, and material sciences, In
this research, the aggregation of amphiphilic monocarboxylated porphyrin,
5-(4-Carboxyphenyl)-10,15,20-Triphenylporphyrin (TPPCOOH), was conducted at interface of toluene/water.
The TPPCOOH has a large hydrophobic porphyrin ring and a small hydrophiiic carboxylic acid group that can
be deprotonated in alkaline aqueous solution. The objective of this thesis is to study the effects of TPPCOOH
concentration, pH of aqueous solution, and the presence of alkali metal ions and cationic surfactants on the
adsorption and aggregate formation of TPPCOO-M* at the interface. To complete this study, TPPCOOH
concentrations in toluene phase were varied between 5x10-* and 5%10-¢ mol L™, pHs of aqueous phase were
varied from 10 to 13, salt solution of lithium chloride, sodium chloride, and potassium chloride were chosen
and cationic surfactants of butyl trimethyl ammonium bromide (C4TAB) and dodecyl trimethyl ammonium
bromide (Ci;TAB) were used. UV-Vis spectrophotometry was employed to determine the distribution of
TPPCOOH between two phases as well as to identify the TPPCOOH species. A pendant drop method was
employed to calculate the interfacial tension (IFT) change during the adsorption of TPPCOO-M* at interface.
Thickness and the anisotropy properties of the TPPCOO"M* aggregate was studied using Atomic Force
Microscopy (AFM) and microspectrophotometry coupled with CCD camera respectively.

As the results, IFT toluene/water decreased as the concentration of TPPCOOH increased; and the lowering of
IFT become more prominent as higher the pH of aqueous phase. It is caused by the adsorption of alkali salt
TPPCOO™M* at interface. When alkali ions were replaced with cationic surfactant, the results were the same,
the IFT decreased as cationic surfactant and pH increased. The decrease in IFT is due to the adsorption of the
negatively charged TPPCOO- and the positively charged cationic surfactant at interface. The interfacial
concentration of aggregates was calculated by employing Gibbs adsorption isothermal equation on curve of IFT

vs TPPCOOH initial concentration. The maximum adsorption was calculated to be [!max = 5.9x10+7; 9.0x10°7

and 1.0%10°¢ mol m™ for LiCl, NaCl, KCI for respectively. From the interfacial concentration, the area per
particle, Amin, was estimated to be 1.6x10°'%; 1.8x10°'8 and 2.8x10-8 m? for LiCl, NaCl, KCI respectively. This
study explains the TPPCOOH adsorption dependency by pH selution of aqueous phase. In the presence of
alkali metal ions, only needle aggregates were obtained. The maximum absorbance of aggregate irradiated by




polarized light was used to calculate interfacial concentration (I") using modified Lambert-Beer law for two
dimensional interfaces. Molar absorptivity (£) of needle aggregate was 3.4x10* mol-'m?, From these values,
calculated I were [.1x10°% 1.5%x10¢ and 1.6x10"® mol m for Li*, Na*, and K* respectively. The AFM showed
line formed for TPPCOO-M™* aggregates. AFM measurement showed that the thickness of needle aggregate was
2.15 nm. This mean that TPPCOOH aggregate was monolayer in which the TPPCOOH in aggregate was
standing up and the carboxylic groups pointed to aqueous phase. This agreed well with Avogadro calculation in
which the length of monomer size of TPPCOOH was 1.95 nm.

Polarized light absorbance spectra showed that the absorption of needle depended on the polarization angle of
incident light. By using the transition possibility () for an absorption transition dipole moment (x) stated as:

P o< | u EP = wPEF cos’@ (1)

where E is a unit vector of the electric field of the incident light, and @ is the angle between g and E, the
transition dipole moment direction in aggregates can be determined. Considering transition dipole moment
direction of the needle aggregate, there were two type of aggregates. One had transition dipole moment parallel
to major axis of aggregate and another had transition dipole moment perpendicular to major axis of aggregate,
The amount of these two aggregates is almost same. The elongation process and the growth of branched were
also studied and they showed that the transition dipole moment direction on needle aggregate was not changed
during elongation process and branch formation.

The addition of a cationic surfactant resulted leaf aggregates as shown in Figure 1b. Amx of needle aggregate
and leaf aggregate is different indicating that the aggregate is different. By following the equation (1), we can
determine the transition dipole moment of leaf aggregate. The result is similar with needle aggregates. One had
transition dipole moment parallel to major axis of aggregate and another had transition dipole moment
perpendicular to major axis of aggregate. It indicated that the orientation of leaf aggregate is not affected by
different of type cationic surfactant. The leaf aggregates were not stable and they underwent transformation to
needle aggregates within several minutes.
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Fig 1. Microscope picture of aggregate at the toluene/ aqueous alkaline interface with a) addition alkali metal
ion in aqueous phase and b) addition cationic surfactant in aqueous phase.

Keywords: porphyrin aggregate, interfacial tension, pendant drop method, microspectrophotometry, cationic
surfactant.
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