Experimental Proposal: Investigating Polymer Interdiffusion via Neutron Reflectivity
1. Introduction and Objectives
In this experiment, we will utilize neutron reflectivity (NR) to probe the nanometer-scale structure and interdiffusion of thin polymer films. Our objective is to measure the reflectivity $R$ as a function of the momentum transfer, Q, which is defined by the grazing angle and wavelength:
Q = (4π sin θ) / λ
We will take advantage of the high contrast in Scattering Length Density (SLD) between hydrogen (1H) and deuterium (2H or D). By pairing a hydrogenated polymer layer with its deuterated analogue, we will create a system where the two layers appear as distinct media to the neutron beam, despite being chemically identical. This allows us to observe the movement of polymer chains across the interface without altering the system’s thermodynamics.
2. Proposed Experimental Procedure
The experiment will be conducted in three distinct stages:
· Sample Preparation: We will prepare a bilayer film by first spin-coating a hydrogenated polymer layer onto a silicon substrate. We will then "float" a deuterated polymer layer on top to establish a sharp, well-defined interface at time t = 0.
· Initial Characterization: We will perform an initial NR measurement on the "as-cast" sample to determine the starting interfacial roughness and the exact thickness of each layer.
· Annealing and Measurement: We will place the samples in an oven and anneal them at a set temperature above the glass transition temperature (Tg) for specific periods. During this time, the polymer chains will undergo reptation and interdiffuse. After each annealing step, we will quench the samples to "freeze" the morphology and perform a follow-up NR measurement.
3. Data Analysis: The Density Profile
We will analyze the resulting reflectivity data to determine the SLD profile, ρ(z), which represents the composition gradient perpendicular to the interface.
· Interfacial Broadening: As interdiffusion occurs, we expect the sharp interface to broaden. We will model this using an error function profile:
ρ(z) = (ρ₁ + ρ₂)/2 + (ρ₂ - ρ₁)/2 · erf[(z - z₀) / (√2σ)]
where σ (sigma) represents the interfacial width.
· Diffusion Coefficient: By tracking the increase of σ as a function of annealing time t, we will calculate the mutual diffusion coefficient D using the linear relationship:
σ²(t) = σ₀² + 2Dt
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