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The behavior of polymer chains at solid interfaces is of
importance in understanding such diverse technological
areas as coating processes, adhesion, and fouling.! It is
believed that, at early times in the process of adsorption,
the attached macromolecules have conformations deviant
from the normal, isotropic state. We present here direct
evidence of the changing structure of an adsorbed PMMA
layer at the solid/solution interface during early stages in
the process of adsorption.

Experimental Section. The adsorption of PMMA
ontoasilicon optical crystal was measured using an infrared
internal reflection technique, similar to that developed
by Granick.? Briefly, the experiment involves monitoring
the mass of material adsorbed after the injection of adilute
polymer solution into aliquid cell. The experiments were
performed at 30 °C, and the cell was thermostated to within
2 °C. The solution concentration of poly(methyl meth-
acrylate) (M, 107 000, M,/M, = 1.1) used, 2 mg/mL, is
such that polymer adsorbed onto the silicon ATR crystal
dominates the measurement; quantification of the ad-
sorbed mass was performed by integrating the charac-
teristic carbonyl band. This concentration is also below
the region in which the adsorbed mass plateaus, as
determined by measuring an adsorption isotherm. Au-
tomated sampling of dichroic data is made possible by
mounting a germanium polarizer in an Oriel precision
rotator, which is then interfaced to the Nicolet 60SX
spectrometer used for spectra acquisition.

The polarized ATR experiment may be mathematically
described in the following manner. The measured ab-
sorbance in any direction is equal to the dot product of
the sum of transition moments and the square of the
incident electric field

A= aEiZNi

where o« represents the magnitude of the transition
moment, E; is the electric field intensity in the ith direction,
and N; is the component sum of the number of transition
moments pointing to the ith direction.

For s-polarization, only oscillators with some component
of the transition moment in the y direction are sampled:

A, =aNE} @

For p-polarization, oscillators with components in both
the x and 2 directions are sampled:

A,=a(N,E’+NE} 2)

A dichroic ratio may be defined as the number of
oscillators normal to the plane divided by the number in
the plane of the surface:
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In adilute solution, orientational effects induced by the
injecting flow field are rapidly destroyed, as evidenced by
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Figure 1. Dichroic ratio and integrated intensity of the car-
bonyl stretch of PMMA as a function of time during absorption
onto a silicon ATR crystal. The initial orientation of the ad-
sorbed polymer is completely erased within 0.5 h from the time
of the injection of the sample.

the relatively large center of mass diffusivities found under
these conditions.3* Since the molecules arrive at the
surface in an isotropic state, in-plane isotropy (N, = N,)
can be assumed, and by substituting (1) and (2) into (3),
we obtain the following expression for the dichroic ratio:
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The ratios of the electric field intensities at the surface
may be calculated from expressions found by Harrick,’
using the refractive indices of the ATR crystal and the
contacting medium (CCly). In this manner, absorbance
data taken with s- and p-polarizations may be converted
directly into a dichroic ratio.

Results. The sum of the absorbances and the dichroic
ratio for the adsorbing PMMA carbonyl stretch is illus-
trated in Figure 1. At early times the chains apparently
stick in an oriented fashion, with the carbonyl oscillators
possessing a preferential orientation normal to the plane
of the surface. This could be explained by a tendency of
the chains to spread out in the surface plane to maximize
the number of segments participating in enthalpic inter-
actions with the surface. Atlater times, as more molecules
attach to the surface, the initial orientation is lost and the
dichroic ratio reaches a value of 0.46, which given the
uncertainties in the refractive indices used in evaluating
the electric field strengths, is probably experimentally
indistinguishable from the isotropic value of 0.5. Since
the experiment measures the net orientation of all bound
molecules, it is impossible to determine if the orientation
of the initially bound molecules is lost or if late-arriving
molecules of nearly isotropic conformation merely dom-
inate the measurement. What is clear is that, although
some degree of orientation of the molecules does occur
early in the adsorption process, this effect is relatively
small and is quickly erased by the attachment of more
chains to the surface.
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