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ized, depending on the temperature, by a combination of
small-angle neutron scattering, spin echo spectroscopy
and backscattering spectroscopy using KWS-1, J-NSE and
SPHERES.
Two relaxation processes can be distinguished
Two relaxation processes on a nano-second and a sub-nano-second time scale were observed for β-casein in solution. Both processes are analyzed via the Brownian Oscillator model, by which the spring constant can be defined in
the isotropic parabolic potential. The slower process, which
is analyzed by neutron spin echo, seems a characteristic
feature of the unfolded structure, and dividing the relaxation
time by the solvent viscosity removes most of the temperature dependence (see figure), indicating that the process
involves density fluctuations of the solvent. It requires bulk
solvent and is therefore not seen in hydrated protein powders. The faster process, which is analyzed by neutron
backscattering, has a smaller amplitude and requires hy-

Arrhenius plots: red circles: internal relaxation time τ1(T) by neutron spin
echo, dashed line: Fit to Arrhenius law, pre-exponential: τ0 = 0.3 (±0.03) ps,
activation enthalpy, H1 = 21.8 (±0.5) kJ/mol. Black squares: relaxation time
divided by the solvent viscosity: τ1/η. The full line is the Arrhenius fit, the
activation enthalpy is now reduced to 4 (±1.5) kJ/mol, blue triangles: internal
relaxation time τ2(T) by neutron backscattering spectroscopy.
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