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Abstract

Detailed studies are presented of thin films that self-assemble into the noncentrosymmetric structure

required for second order nonlinear optical responses.  Second harmonic generation is used as a probe of

the second-order nonlinear optical susceptibility (χ(2)) of ionic self-assembled monolayer (ISAM) films.

Films produced from the ISAM technique are shown to possess significant χ(2), with values presently

comparable to quartz (χ(2)=1.53*10-9 esu).  These films show exceptional stability over time, with

negligible decrease in χ(2) after 26 months.

ISAM films self-assemble from polyelectrolyte solutions due to coulombic interactions between a charged

substrate and the charged polymer in solution.  This process is self-limiting since charge overcompensation

at the surface restricts  further deposition as like charges accumulate at the surface.  We have found that

this ‘kinetically hindered equilibrium’ occurs quickly for the samples studied, after approximately 45

seconds immersion.

Non-centrosymmetry is obtained during deposition as chromophores orient towards the substrate as a

strong, localized collection of opposite charge.  This net orientation is partially diminished as some amount

of chromophore extends in the opposite direction at the film/solution interface.  Second harmonic

measurements suggest that chromophores at the outermost interface collapse against the film surface when

dried, resulting in a larger χ(2) than other ‘capped’ layers.  Any polymer which is not located at the

interfaces is thought to possess random orientation, and therefore does not contribute to χ(2).
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We have investigated how ionic strength and solution pH affect the structure of ISAM films.  These

parameters serve to control the electrostatic screening in solution.  Low salt concentrations result in low or

no electrostatic screening.  As a result, charges on a polymer strongly feel one another’s presence, and

decrease the net electrostatic energy by maximizing their distance from each other.  This results in a rod-

like conformation, which when adsorbed onto the film surface produces thin layers.  Large salt

concentrations serve to screen the electrostatic interaction.  Because charges do not experience the strong

repulsion from their neighbors, the polymer backbone is more likely to loop and coil.  If the polymer is

weakly soluble (pH near the solubility edge), the polymer will loop about itself and other polymer chains in

order to reduce the number of polymer/water contacts.  Increased screening results in adsorption of thicker

films.  We show that this also results in a marginal increase in film density, likely due to an increase in

polymer interpenetration of adjacent layers.  We can associate an increase in chromophore population at the

interface with this increase in density.  The reduction in screening also is shown to decrease the

chromophore orientation angle, presumably by decreasing the repulsion between charges located on the

chromophore ends.  The improved orientation leads to an increased non-centrosymmetry in the layer.  χ(2)

is decreased, however, as film thickness (and therefore the population of randomly oriented chromophore

between interfaces) increases faster than the improvements to non-centrosymmetry at the interface.

We have investigated the thermal stability of ISAM films at elevated temperatures, and have found that

these films do not exhibit a permanent decay of χ(2) with increased temperature as do poled guest-host

polymers.  A temperature-dependent decrease is observed for temperatures up to 250°C.  This decrease is

completely reversible (for films heated to 150°C), with χ(2) recovering its initial value upon cooling in spite

of a glass transition temperature measured as Tg=140°C.  The decrease in χ(2) is thought to be due to a

combination of effects.  Predominant decrease is thought to be due to disassociation of ionic bonds, which

serve to provide noncentrosymmetry in films.  A slower, smaller decay due to decrease in moisture content

of the films at high temperature is also thought to be present.
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