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Fig. 1. Temperature-jump spectra for an Au@PNIPAM system. (Left) 7 ms timescale experiment overlaid with double-exponential fits represents the particle deswelling dynamics. (Right) 30 s timescale experiment represents aggregation dynamics. Temperature jumps: 31.0°C → 33.5°C (Blue, A),  31.0°C → 34.6°C (orange, B), 31.0°C → 36.0°C (yellow, C), 31.0°C → 37.1°C (purple, D), 31.0°C → 38.9°C (green, E).


Capacitor-based temperature-jump spectroscopy is an extremely useful tool for monitoring dynamics in biochemical and chemical systems that occur on the scale of milliseconds. We have applied this technique to analyse dynamics in a colloid system of PNIPAM-coated Au nanoparticles1 – which undergo two types of conformational changes upon a very fast change in temperature over the polymer Lower Critical Solution Temperature (LCST) (Fig. 1).

First: a deswelling transition as the polymer adjusts to a collapsed, more hydrophobic state. Under certain conditions, the colloid nanoparticles will then aggregate, before coming apart as the solution cools. Both these processes are entirely reversible, the kinetics are reproducible, and the dynamics were extensively modelled and measured based on changes in turbidity of the system.

By carefully designing kinetic models for these phenomena – we have determined how a range of parameters (particle diameter, cross-linker density, particle concentration, [KCl], [SDS], pH etc.) affect the various components of these transitions. These parameters are vital to control the self-assembly of Au@PNIPAM particles into optically active super-structures.2 The outcome shows the potential of temperature-jump spectroscopy to understanding kinetics for colloidal nanoparticle conformational changes and self-assembly.
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