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Objective, Results, and Conclusions 

Investigation of the effect of various environmental parameters on reactivity of 2-alkyl 
anilines was proposed. The proposed approach was to confine the reaction to fluid surfaces and 
investigate the kinetics with a Langmuir trough. 

We have synthesized and examined the surface pressure vs. mean molecular isotherms of 
three alkyl substituted anilines, ortho -,meta - and para -pentadecylaniline, on aqueous subphases 
using LB techniques to study their surface orientation and packing behavior. All 3 isomers were 
found to be amphiphilic, with increasingly good surface packing as the substitution neared para. 
The surface properties (steep pressure increase and compact surface area) indicated the para 
compound formed condensed monolayer films with little orientational rearranging below the 
collapse pressure, in strong contrast to the ortho compound. At the onset of the 7t-area isotherm, 
it is believed that the hydrophilic amine group of the amphiphile is submersed in the aqueous phase 
with the first few methylene units on the alkyl chain in gauche conformations as it tries to escape 
the aqueous subphase. As the surface pressure is increased, the aniline's orientation at the 
interface is slowly changed, as characterized by the large compressibility, and the amine and alkyl 
groups are pushed up and away from the aqueous subphase. 

Subsequently, we examined oxidative coupling polymerization in two-dimensions, also 
using Langmuir Blodgett techniques. The polymerizations were systematically studied by varying 
the Temperature, applied surface pressure, and subphase oxidant ((NH4)2S208) and acid 
(H2SO4). The reaction was monitored by measuring the change in mean molecular area and the 
average barrier speed (the rate of barrier displacement needed to maintain isobaric conditions) with 
time. The monotonic decrease in area during polymerization is due to the replacement of van der 
Waals radii by covalent bonds between monomer molecules and changes in their conformation. 
Both the meta and ortho compounds polymerized, however no polymer was obtained from the 
third isomer. Overall, it was shown that the method also yields, fast, reproducible results, and 
requires only sub-milligram quantities of material. 

The polymerization kinetics results were subsequently analyzed by three different 
techniques: A) a single rate constant technique for monolayer polymerization, first developed by 
Gee and Rideal, which is an average of all the rate constants in the polymerization, B) a two rate 
constant method developed by our group and Prof. H. Reiss of UCLA, which takes into account 
that there is a initial step (two monomers coupling to form dimer) and a subsequent "propagation" 
step (monomer coupling with oligomer or polymer), C) a third kinetic equation proposed by Wei et 
al., which also tries to account for the autoacceleration behavior of the polymerization by 
expressing the rate in terms of two rate constants. 

The activation energy was calculated from the Arrhenius law, and compared for the 
different isomers at various pressures. It was found that there was a marked increase in the 
polymerization rate of orazo-pentadecylaniline as the surface pressure increased (in fact, no reaction 
is measured without applied surface pressure). The activation area of ortfzo-pentadecylaniline was 
calculated using method A from the slope of the In k vs. applied surface pressure plot. The values 

«k 
of AA of the 2 isomers were also compared, indicating that the activated complex is not only 
bimolecular but that ions of the same sign approach during it's formation. An interesting feature of 
the polymerizable isomers was that they lead to an identical product. 
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NH2   NH2    NH2   NH2 

Figure 1.   Monolayers of ortho and meta alkyl aniline monomers have different 
chemical reactivity, but lead to the same polymer. 

The proposed mechanism of orf/io-alkylaniline polymerization suggested that polymer 
growth is intermediate between classical step growth and chain growth mechanisms. Both ortho- 
and meta-showed an induction period during polymerization. Early on in our studies it was 
believed that this effect could be explained in terms of differences between the oxidation potentials 
of the monomer and oligomers; the monomer has a higher oxidation potential. Once oligomers 
form in the monolayer, they oxidize faster than monomer and the reaction rate accelerates. 
Subsequently, high molecular polymer was detected early on in the reaction suggesting a chain 
growth mechanism. This is in contradiction with forming low molecular oligomers in the early 
stages of the reaction that will accelerate polymer formation. Our data suggest that the polymer 
itself is involved in the process. 

We subsequently demonstrated the feasibility of studying the same reactions at a planar 
liquid/liquid interface. This should allow for systematic characterizations of such polymerizations 
to be initially performed on idealized planar monolayers and subsequently applied to curved 
micellar surfaces. 

Three other amphiphilic monomers, ortho and meta (l-octadecynyl)aniline and 17-(2- 
aminophenyl)heptadecanoic acid (Monomers 4-6 below), have been synthesized, characterized, 
spread to form stable monolayers at the aqueous-air interface, and polymerized under oxidative 
conditions. These were all polymerized as well. 

The conclusions resulting from the work are: 

- The Langmuir Blodgett technique may be used as an effective means of 
quantitatively studying polymerization kinetics under a vast range of 
parameter space. 

- The polymerizations investigated at aqueous/air interfaces could be extended 
to liquid/liquid interfaces. 

- New insight into the polymerization mechanism was revealed. 

A series of new monomers functionalized to have the potential for broader 
practical applications was synthesized. 
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Publication #13 is a full paper in the Journal of the American Chemical Society which is significant 
as it represents one of the more complete reports of thermodynamic and kinetic investigation of 
monolayer polymerization in the literature. The isotherm behavior of the 3 alkyl substituted 
monomers is compared and the polymerization results are discussed. 

Publication #22 is a full paper in the ACS Journal, Langmuir, which presents some of the best 
sub-molecular resolution STM images of conducting polymers available to that date. These images 
showed that the conformation of surface polymerized conducting polymer chains is significantly 
different from that generally assumed to be obtained by other methods. 

Publication #13 is a note in the ACS Journal, Macromolecules, which is significant in that it is one 
of very few studies of chemical polymerization reactions of monolayers at planar liquid/liquid 
interfaces. It was shown that the ortho alkyl anilines could be oxidatively polymerized at an 
Aqueous/hydrocarbon interface. 

Presentations #7 and #10 are significant in that they were full invited talks at major international 
meetings. Presentation #25 was among the first involving STM on polymers at a major 
international meeting. 



•        View graph A-1 (five part view graph) 

As shown, aniline and it's derivatives generally polymerize under acidic 
conditions. To better understand the effect that acid has on the polymerization 
mechanism of substituted aniline surfactants, a series of experiments have been 
proposed that will allow for easy control of the acidity in the area the aniline moieties at 
the air-aqueous interface. Early progress in this research includes, the synthesis of 
monomer 17-(2-aminophenyl) heptadecanoic acid. Mean molecular area vs. surface 
pressure isotherm of this monomer have shown that the monomer exhibits multi-phase 
behavior (see diagram). It is believed that the aniline and acid ends are both adsorbed 
at the interface at low surface pressures (0-10 mN/m) then undergos a phase transition 
as the area is decreased.   As the monomer is confined to less area, the aniline end is 
pushed out and finally only the acid ends are adsorbed to the aqueous phase and the 
aniline ends are pushed up and away from the surface as shown in the diagram. Early 
results show that the monomer polymerizes at low surface pressures (- 5 mN/m) but 
doesn't at higher surface pressures (-25 mN/m). The conditions require a strong 
chemical oxidant like ammonium persulfate, but in both cases, no additional acid is 
added. This has proven to be a way of polymerizing substituted aniline without adding 
additional acid to the subphase. This system may also allow the polymerization to be 
switched on and off by simply changing surface pressure. Once the polymerization 
kinetics have been studied, we plan to polymerize to monomer at the interface and then 
transfer it to metal oxide surfaces, using the carboxylic acid group to bind it to the 
surface. 

• View graph A-2 

The graph shows the change in the mean molecular area vs. time for 17-(2- 
aminophenyl) heptadecanoic acid under oxidative conditions at low and high surface 
pressures. As shown, there is a large change in the mean molecular area per molecule 
at low surface pressures. From earlier studies of oxidative polymerizations of 
monomers at the aqueous-air interface, the change area may indicate that 
polymerization of the monolayer is occurring, and in fact polymer has been collected 
from the surface as indicated by size-exclusion chromatography. At higher surface 
pressures, no great change in mean molecular area is seen, indicating that no reaction 
has occurred. We are currently studying this question in more depth. 

• View graph A-3 

This view graph shows the polymer with acid functional groups adsorbed to a 
solid substrate. We hope to polymerize the substituted aniline monomers on the 
Langmuir trough and then transfer this preformed polymer over to a metal oxide surface 
using the carboxylic acid group to bind it to the surface of the substrate. 
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B-1 

View graph shows our main objective is to obtain an ordered array of 
conducting polymer quantum dots. Thermodynamic studies have been 
performed to determine if phase separation is favorable. The monomer has 
been successfully polymerized in the presence of the liquid crystal.   The 
monolayers were then successfully transferred onto mica an studied using 
Tapping Mode™ Atomic Force Microscopy. The figure is a surface plot of 
a 40% liquid crystal (10PPB2) and 60% poly(2-pentadecylaniline) 
monolayer on a mica substrate. The circular liquid crystalline domains can 
be seen rising above the polymer. Future work will involve the study of 
these particular systems as well as striving to obtain the ordered array of 
conducting polymer quantum dots. 

B-2 

TMAFM imaging has been performed on a range of molar- compositions. 
The 4 figures show the effects of varying the molar concentration of the 
liquid crystal.  Domains grow in number, but not in size as the molar 
concentration is increased. At very high liquid crystal concentrations the 
domains coalesce and become irregularly shaped. The polymerization 
conditions have been altered to obtain, although irregular, sub micron 
sized domains. This demonstrates we have the ability to change domain 
size and shape by manipulation of polymerization and deposition 
conditions. Surface Plasmon microscopy investigations have been 
scheduled to determine the liquid crystalline properties of these two- 
dimensional domains. 

B-3 

The figure show our representation of an assembly of these polymer/liquid 
crystal systems. These types of assemblies will be constructed in order to 
study the anisotropic effects on the liquid crystalline properties. Adsorbed 
monolayers of these systems shows long term stability on the substrate 
surface, in contrast to pure liquid crystals which tend lose their stability due 
to de-wetting of the substrate surface. These types of systems could be 
developed into applications involving polymer-dispersed liquid crystals and 
flat panel displays. 
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Composition dependence of liquid crystal on domain 
size and shape: Starting clockwise from the top left, 
20%, 40%, 60%, and 80% (mole %). 

Domains grow in number, but not in size. At high liquid 
crystal concentration domains coalesce to form large 
irregular shaped domains 

Duran, et al, University of Florida B-2 



Conducting Polymer Templates 

Conducting polymer matrix 

Liquid crystalline 
domains 

0.5~5um — 

i5Ai_; 

Future work would involve preparation of a "swiss cheese" 
like assembly of conducting polymer multilayers using the 
phase separated monomer/liquid crystal systems. 

Extremely anisotropic liquid crystalline domains (micron 
diameters, nanometer thickness) surrounded by 
electroactive polymer could display unique properties. 

Confirmed environmental stability is greater than 3 months 

Duran, et al, University of Florida   B-3 


