B
vy

] K"'.
£

L w3
: ! [
P w b

-~

]

Jra—
Anran
e
¥

DEC 1 9 1990 DOE/ER/13629--4
DE91 005032

POLYMERS AT LIQUID-LIQUID INTERFACES:
PHOTOPHYSICS AND PHOTOREDOX CHEMISTRY

Progress Report

April 1, 1990 to March 31, 1991

Professor S.E. Webber
Department of Chemistry and Biochemistry
The University of Texas at Austin

Austin, Texas 78712-1167

November 1990

PREPARED FOR THE U.S. DEPARTMENT OF ENERGY
UNDER GRANT NUMBER DE-FG05-86ER13629

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
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Accomplishments during past year:

1, Preparati

The original polymer types proposed for these studies, such as poly(2-vinylnaphthalene-alt-maleic
acid), have proved to have complex photophysical and solution behavior (see next section). In order to
simplify the polymer system a sct of ternary copolymers were prepared. A feed of maleic anhydride and
styrene was used that has been shown to yield a nearly perfectly aliemnating poly(styrenc-maleic anhydride)
polymer 1 A small mole fraction of vinylphenanthrene, vinylpyrene, or vinyldiphenylanthracene was
added with the ultimate incorporation of ca. 0.1 - 0.05 mole %. These polymers were hydrolyzed to yicld
the maleic acid species and dialyzed. The molecular weights of these polymers tumed out to be fairly high,
ca. 100,000 according to GPC. The absorption and fluorescence properties of the chromophore were typical
of the particular species. However it was found that the incorporation of these small mole fraction of
hydrophobic pendent groups had a profound effect on the aqueous solution properties. In analogy to other
amphiphilic polymer systems 2 it seems like that these polymers tend to aggregate because of the inter- and
intra-hydrophobic attraction. This suggests that it will be necessary to use surfactants to disperse such
polymers before attempting to adsorb them at an organic-water liquid interface. A similar situation exists for

the altemating vinylnaphthalene-maleic acid polymers, described next.

The polymers studied are poly(2-isopropenylnaphthalenc-alt-maleic acid) (P2IPN-MA, 1) and poly(2-
vinylnaphthalene-alt-malcic acid (P2ZVN-MA, 2).
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These two polymers displayed significant aggregation in aqueous solution, which became more serious
as the pH was lowered. This can be understood as the result of protonation of the acid groups with
subsequent coiling of the polymer. Iﬁclaslic light scattering demonstrated a hydrodynamic radius of ca. 300-
400 nm while classical light scattering yields a slightly smaller diameter of gyration. These sizes were
similar at all pHs but the scattering intensity increases rapidly as the pH is lowered, implying that there exists
an cquilibrium

isolated polymer ¢ polymer micelle.

These results are consistent with the 1neasurement of octanc:HO interfacial surface tension (y)3 .
While these measurements demonstrated that both P2ZVN-MA and P2IPN-MA are surface active, the
concentration dependence of -y was consistent with that expected for a surfactant above its critical micelle
concentration. Furthermore the value of y depended slightly on the shear at the oil:water interface and was
slow to respond to a change of shear. This suggests that the surface active species is a polymer micelle and
that the surface activity can be modified by the rheology of the adsorbed polymer. As seems to be the case
for the PS-alt-MA-co-chromophore polymers, it seems likely that some surfactant will be required to break
up these aggregates in order to encourage adsorption at the organic:H20 liquid-liquid interface. We regard
understanding and modifying these polymer solution propertics as one of the most important next steps of
this rescarch project.

In order to carry out some initial photophysical studies we studied the properties of these polymers as
emulsifying agents for water:octane. In generul fairly stable emulsions could be made. These emulsions
usually consisted of three phascs, a lower aqucous phase (from which polymer had been partially extracted),
a middle macreemulsion with a water continuous phase, and an upper octane phase (the polymer is
completely insoluble in octane). In some cases these emulsions are stable (o storage at room temperature for
weeks. Surprisingly the emulsifying ability of P2VN-MA and P2IPN-MA were quite different at high pH,
where the latter did not form stable emulsions. We presume thai this is the effect of the extra -CH3 group
(cf. 1 and 2) since these two polymers have similar molccular weights, according to GPC measurements. At

low pH most of the polymer resides in the middle macroemulsion phase.



Fluorescence studies revealed that the naphthalenc fluorescence could be partially quenched by Cu*2
but was not quenched cfficiently by CCl4. Since CCly is expected to reside preferentially in the octane
phase, this implics that a relatively small fraction of naphthalenes extend inside the octanc. However the
cmulsions are difficulty to work with and probably are not of practical interest to this project, so we arc

conccmrating on polymer solution properties, as discussed in carlicr paragraphs.

As part of the permanent equipment of this grant a 1420 gated reticon system was purchased, upgrading
our optical multichannel analyzer system. This system provides enhanced sensitivity in the red (sce attached
Xe spectrum) and ca. 100 ns time resolution from 350-850 nm in a single shot, although signal averaging is
required for improved signal-to-noisc ratio. An example spectrum is included. We hope that this extended
spectral range will be particularly useful in detecting anion and cation radical formation.

A useful feature of this system is the usc of an optical fiber bundle to collect the interrogation beam.
This permits the interrogation beam to be attached to either the spectrograph-reticon system for spectral
analysis, or to a monochromator for kinctic analysis of the OD at a single wavcelength.
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_TA for Phenonthrene gating time at 14 micro second dalay
Pulea widthi 1 micre saec, Daetactor tumpy 10 C, Laser power: 190 J/pulsa
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